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«Bcé€ cyiuee ecTh ynucio»

[Tugarop

IIpeaucaoBue

[Tudarop HE TOABKO K TEKCTY, HO M K TeCTy. TeCTy Ha MaTeMaTUYHOCTh OKPY’KaIOIIEro
Mupa, BemectBeHHOro Mupa H3 XUMUYECKUX DJIEMEHTOB. XMMHUYECKUE DJIEMEHTHI —
Yyycia: HoMEpa XUMHUYECKUX DHJIEMEHTOB; YMCia 3JEMEHTApPHBIX YacTUIl U HYKJIOHOB B
aToOMax XMMHMYECKUX DJIEMEHTOB; KBAaHTOBBIE 4HuCIa ... . Bc€ B Mupe u3 XUMUUYECKUX
AJIEMEHTOB: MOJICKYJIbl, HAHOYACTHIIBI, TE€JIa, TA30IbUICBbIE TYMAHHOCTH, HEOECHBIE Tea,
CKOILJICHUS TajaKTHK, ... . Bc€ (Ha cerogHs) MHOXECTBO XHMHUUYECKUX DJIEMEHTOB,
coctapisitominx 118 HomepoB, TpaaMIIMOHHO pacnpeaenstioT B llepuognueckux
Tabmumax. Wcxons u3 cBoux TaOiuI[ U3BECTHBHIX Ha TOo Bpewms, J[. M. MeHnnenees
otkpell [lepuonuueckuit 3akoH. Ho »t1or dynaamenranpabiii  3akoH [Ipupomas
opopMJIeH TOJBKO TabIWYHO, C(OPMYIUPOBAH TOJIBKO CJIOBECHO, W HE UMEET
MareMatudeckux dopmyi. Tabmuiel 6e3 GopMyn — yuciaoBbie MHUPPH 0€3 KITIOUEH.

Matematudeckue GopMysbl — KIOUM K YUCIOBBIM UG pam.

Yacrs |

BBenenue k YUacrtu |

B Oomee yem [ABYXBEKOBOW HMCTOPHUU CHUCTEMATH3AlUA XUMUYECKUX JIIEMEHTOB
HamOonpmux ycnexoB B XIX Bexe mocturnm Oputaner] J»xon Anexkcannp Heromennc,
repmaneny lOnmyc Jlotap Meiiep u poccussnun Jmutpuii VMBanoBuu Menpenees.

B nocnenneii npuxknsnennoi Tabnuue MenneneeBa Obuio |X rpymm:



(X. N, Meunenees.

VIII wanaune,

Cno., 1906 r.)

Hommnunan, MedanscCHduuxponansan Talmus H.M. Nenxexeens
«lICPHOMICCRAR CHOTEMA DACMCHTOR NO IPYNNAM M PAIAMS
OCHONM XyMB0

Tpynnu saemenron

11z w

v vi vii viiz
1 | Xopomit | Bozcpoa = 3 — L =5 -
H
1,008
2 Temdt Meexk |Sepunmwt| Sop Yozepon | Asor |Kxcscpeal ércp
He Li Be B Cc N [+] F
4.0 7,03 L 78 3 13,0 12,0 1¢,01 16,00 19,0
3 Heon Hampeat | Marxuit |Asmoundt| Kpeioondt | ¢ochop Cepa Xrmop
Ne Na Mg Al si ? s c1
19,9 23,08 | 24,36 27,1 28,2 31,0 32,08 38,48
4 Aprex Kamot | Kamsaodh | Cranaet | Tievax [Saxamck| Xpox |[Maprawezn| Xermeyo |KoSamww| Huwens
Ax K Ca Sc Ti v Cr Mn Fe co Ni
3 38,18 40,2 44,1 42,3 s1,2 52,2 55,3 55,9 59 5%
s Mens Daxx Tanme |Tepmaxuit| Masxsax | Cenex Spox
Cu Zn Ga Ge As Se Br
63,6 65,4 70,0 72,5 i 79,2 79,95
€ | ¥punwox | PyfapdtiCrpoxodt| Hrspaet |Iprowdt| Hxofaudt | MomeOaex — PyTewsct| Pormh |Namname
Kx Rb Sr b 2 2xr Nb Mo Ru Rh Pd
8, 2s,8 .48 85,0 90,6 94,0 96,0 301,7 | 103,90 106,58
? Cepefpo| Xamodt | umdt Cmonc | Cypaa | Teamyp ¥oa
Ag cd In sn| sb Te I
107,93 112,.4 118,0 119,0 120,2 127 127
L] Koewon | Ueawdit | Eapuit | Jawvax | Uepuit —— e = == < =3
Xe Cs Ba La Ce
128 132,9 137,4 138,9 140,2
’ = - — — - e = - =
10 o i . Hrreplast s Taxran | Bomwgpan - Omadh | Mpsusdt | Mzamiena
b Ta w os Ir | Pt
73 83 i%4 il 9 94,8
12 R o Famwdt 53 Tepsdt s Ypau
Ra Th U
225 232,58 23e,5

Puc.1. Ilocnennss npmwxusHenHas [lepunoauueckas Tabnuua

J.1. Menneneena.

Kak Buano Ha puc.l, y MenneneeBa ObUia HyjeBas TpyIa 3JIEMEHTOB, KOTOpas

cozieprKalia JOBOJIOPOIHBIC JIEMEHTHI 1o HOMepoM, odeBuaHO, 0 HeroTonwmii (3dup), a



nox Homepom 1, oueBuano, Koponuii. Bogopon, nmo-suaumMomy, umein Homep 2, I'ennit —
HoMep 3, ..., u T.n. JImMurpuii MIBaHOBMY MOYEMY-TO HE CTABWJI HOMEPA JIJIEMEHTAM,
BUJMMO, Iojlarasg 3TO OYEBUJHBIM IO TOPSAKY pACHOJIOKEHUS DSIEMEHTOB B
[lepuoauueckoit Tabnulie: cieBa HanpaBo B psaax (Iucaa U TOBOPHII UMEHHO O psijax, a
HE O TMEepuojax) U CBEpXy BHHM3 caMuX psloB (mepuogoB). B BoceMo# (meBATON OT

HYJIeBOMH) rpymmne Obutu ToTbko TpHuansl: Fe, Co, Ni; Ru, Rh, Pd; Os, Ir, Pt.

My3bIKajabHasi OKTaBHAsi TApPMOHMSI, BOILIONIEHHAS B «3aKkoHe okTaB» HbroneHca B ero
CUCTEMaTH3allMd XUMHUYCCKUX JIEMEHTOB, UMEJIa CTOJIb 3aBOPAKUBAIOIICE BO3ACHCTBUE
Ha moxael, uro 120 nmer mocne otkpeitua MenaeneeBsiM Ilepuogunueckoro 3akoHa B
Mupe nonwszoBanck Ilepuogmdeckorn Tabmuueit xumudeckux siaeMeHTtoB u3 Y|
TOMOJIOTHYECKHX TPYIII 3JIEMEHTOB-aHAJIOTOB. B MOCTMEH 1€JIeeBCKUI TIEPHO]T BIUIOTH 10

1989 r. nHaubornee momyisipHOW M MOBCEMECTHO HUCIOJIb3yeMon Obuta Ilepuomnyeckas

Tabnuma Buaga:

NEPYOANYECKAA CUCTEMA XUMMUYECKWX SNEMEHTOB [L.W. MEH[I,EHEEBA

repynnes 9 nEMEHTOTSB {§

1l 11 v v Vi vil Vil
a 6la i 5 [}

JLH. Mennences
1834-1907

NOPAAKOBLIA
HOMEP

¥
1 cumBon
. | 2nemeRTA

HA3BARWE
INEMEHTA

OTHOCHTENBHAR
ATOMHAR MACCA

PACNPEAENEHHE
3INEKTPOHOB
nocnoam

710 ‘ i ,
sucune | RO R,0, | RO, | R,05| RO, | R,0, RO, ] e
oo RH, | RH, | H,R | HR B ¢ e
AMHEHHA
D 1-anementi

IIAHTAHOM

Puc. 2. Haubonee pactipoctpanénnas dhopma [lepuoamaeckoit Tabauisr XuMuaeckux

3j1eMeHTOB 10 1989 1.
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[lo cpaBHenuto ¢ mociennen nprxkusHeHHoU Ilepuoanueckoit Tabnuneit Menaeneesa
HYJIEBOW TPYIIBI BMECTE C HYJIEBBIM 3JIeMEHTOM W KopoHHeM HeET, mepBblii HOMEpP Yy
Bognopona, I'enuii u uHEpTHBIE ra3bl U3 ObIBLUIEH HYJIEBOW IPYIIIbI IEPEHECEHBI B TPYIIITY
YIll, rne pazmenieHsl U Tpuaibl 0JaropoaHBIX METaUIoB. ['enuii moaHsAICS HA OJIUH P

BBIILIE K CTOUT HOMEPOM 2 B OJHOM psaAny ¢ Bogopoaom uepes 6 rpynn B KpaliHe# paBoit

riaBHoi noarpymnmne Y 1| rpynmsi.

Pasmemenne 'enus Hag HeoHoMm U 1pyruMu MHEPTHBIMH Ta3aMH OBLIO BITOJIHE TMTOHSTHO
U OINpaBJaHO BO BpemMeHa MeHeneeBa, Korja He 3HaJId O CTPOEHUU aTOMOB, U HE ObLIO
KBAaHTOBOM MexaHuUKU. B camom nene, ra3 ['enuii Oosiee MHEPTEH, 4yeM BCE APYrue
MHEPTHBIE Ta3bl U UMEET HAUMEHBLIYIO aTOMHYIO Maccy cpeau Hux. [loaromy norudno
ObLIO cTaBUTH ['enuii Ha MepBOE€ MECTO THUIIO33JAIOIIET0 AJIEMEHTa B FOMOJOTHYECKON

I'pylIic HHCPTHBIX aTOMAPHBIX 3JICMCHTOB-aHAJIOT'OB.

Ho, korma OTKpBIIM CTPOCHHWE AaToMOB, M OBUIO YCTaHOBIEHO, 4YTO B SBICHUHU
MEPUOJMYHOCTA CBONCTB XHMUYECKHX JJEMEHTOB JIGKUT KBaHTOBO-MEXaHHUYECKas
OCHOBa (POPMHUPOBAHUS IEKTPOHHBIX 000JI0UEK, CTAHOBHUTCS HETIOHSATHBIM ITOJIOXKCHHE
I'enus Ha puc.2. D10 B Tabnunax u3 Yl rpynn. Ho, Takas sxe kapTuHa coxpaHsercs U B

COBpEeMEHHBIX, mocie 1989 r., tunax [lepuoguueckux Tabmur ¢ 18-10 rpynmnamu.

c’ N° 0" F¥ Ne
e

NONT AP WO 159008 P UGN B I
P i S| EENC TR AY
Gocgen Focp. Horon.
A0S ¥ NI W 2065 o 348 o £
Kr
Koo
ne P n nw S N H o
sb® Te® 1% Xe
4

187 PP me & 2160 ¥ 1259 7 ma
Pb” Bi" Po® At" Rn
AR R e e
N719 AP 28 Y 0% M A 2201
 Uug ** Uup * Uuh " Uus ™ Uuo
Yeparnn Yopewnd Vepewcn opcnead Yupares
PN R 2 APeY 28 BT 20 Y 2 SV

5 Rg ¥ cn™ uut
Yopepm

Puc.3. Ilepnoamueckas Tabnuia XUMHUYECKHUX 3JIEMEHTOB C 18-ThI0 rpymmamu,

pexomenayemas |lUPACom c 1989 r.
9



Vxe ¢ Oernoro B3riiAa Ha puc.2 U puc.3 oTYETIMBO BUJIHO, OyATo ['ennii BeIpBaH U3
€CTECTBEHHOI'0 TOJIOKEHUS PAAOM C BomopoaoM M NMEpEeKUMHYT Ha CaMylO IPaBYK M
BepxHIOK0 no3unuio Hajg Heonom. [lpu 3ToM Ha oboux puc. 2 U 3 BUIHO, UYTO KJIETKA
I'enus, mo uBeTy Takas ke, Kak y IByX I'pyIn S-3yieMeHToB. Kak S-aiemenT ['enunii Moxker
OBITh TUIO33JAIOIIUM B rpymne P-3aeMeHTOB? ABTOpbl 3TUX Tabiul, Mo-BUIUMOMY,
TaKUM BOIIPOCOM HE 3aJaBajiuch. ECIIN K€ 3a/1aBallCh, TO MPEANOYIN HE BBIXOAUTH 32
pamku cnoxuBimxcs B XIX Beke Tpaguuuid. A, Benb, Tabnuipl Ha puc. 2 u puc. 3
co3gaBaiuch B cepenuHe XX Beka, KOrja CTPOCHHE aToOMOB M (OpMHUpPOBAHUE
ANEKTPOHHBIX O000JI0YeK Ha KBAaHTOBO-MEXAaHMYECKOH OCHOBE OBUIM ITOBCEMECTHO

MPU3HAHBI 1 IPUHSATHI.

Mexnay tem, cymectByeT llepuonuueckas Tabauiia XUMUYECKUX JIEMEHTOB 110 BEPCHH
’Kanera ¢ 4eThIpbMs S-dJIeMEHTaMHM B Hauaje (Ha caMOM BEpXy, CIpaBa, HaJ BCEMU
OCTJIBHBIMH S-dJIeMeHTamMu) Tabnuipl, KOTOpYH OH paszpabotan emé B KoHie 20-X

rogoB XX Beka.

VeTeE Janet left-step periodic table [hide]
1s H He
25 Li Be
2p 3s B C N O F Ne Na Mg
3p 4s Al Si P 5 Cl Ar K Ca

3d 4p 5s ScTi V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr [Rb Sk
4d 5p Bs ¥ ZrNbMo Tc RuRhPd AgCd In Sn Sb Te | Xe |Cs Ba
4t 5d6p7s LaCe Pr Nd Pm Sm Eu Gd TbDyHo Er TmYb LuHi Ta W Re Os Ir Pt AuHg Tl Pk Bi Po At Bn [Fr Ha

516d 7p8s Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr Rf Db Sg Bh Hs Mt Ds Rg Cn Uut Fl Uup Lv Uus Uuo [Uue Ubn

f-block d-block p-block 5-block
This form of periodic table is more congruent with the order in which electron shells are filled, as shown in the accompanying sequence in the
left margin {read from top to bottom, left to right). The placement of helium (& noble gas) above beryllium (an alkaline earth metal) ordinarily
attracts strong criticism from chemists.

Puc.4. Tlepnoanueckas Tabnuiia XUMUYECKUX dJIEMEHTOB 10 Bepcun JKaHera.
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[IpsmoyronbHble OJIOKH S-, P-, d-, f-37eMEHTOB KOMIAKTHBI W  HENPEPHIBHO
MoCJeI0BaTeNIbHBl  ClpaBa HajleBO. PaclBeTka OJOKOB HECKOJBKO OTIWYAETCS OT
MPUBBIYHBIX I HAC KPAacCHOIO, JKEJITO-OPAHXKEBOr0, CMHEro W 3el€HOoro 1setoB. Ho
paclBeTKa YCJIOBHA U MOXKET OTJIMYATHCS B 3aBUCUMOCTH OT MPEANOUYTCHUN U TPaIUALIUN

Pa3HBIX HAPOAOB.

NueptHpii  I'enuit  BO3MIaBiIsIET  IPyHIly  XUMMYECKM ~ O4YE€Hb  aKTUBHBIX
II€JI0YHO3EMENIBHBIX METAJIOB. DTO Ul MOJABISIONIET0 OOJIBIIMHCTBA 0Opa30BaHHBIX
(co cpemHMX IIKOJI, JIMIIEEB M TMMHA3Mil) JIOJIed COBEPILIEHHO HEMPUBBIYHO, IaXKe, HE
npuemiemo. Ho eciim MCXOOUTh U3 CTPOEHUS JIEKTPOHHBIX 000JI0YEK aTOMOB, TO TaKOE

PAacCIIOJIOKCHHUC I'enus HAaY4HO OIIpaBAaaHO.

I'enuit sgBnsercs S-DJICMEHTOM, KaK MICJIOYHO3CMEIbHBIC MCTAJJIbl, TOrJa KaK BCEC

6HaFOpO}IHBI€ raspl, HaaA KOTOPbIMHU €TI0 TPAAUITHUOHHO CTABAT B POJIM THUIIO3adAar0OIICTO B

TOMOJIOTMYECKOM I'pynIie MHEPTHBIX 3JICMEHTOB-aHAJIOTOB, SIBJISIFOTCS P-DJICMEHTAMMU.

Bunno, uro mpo6iemsl ¢ obmenpunsTeiMu [lepuoanueckumu TabnuiaMu XUMHYECKUX
AJIEMEHTOB JIOBOJIBHO T1yOokue. OHM CBSI3aHBI ¢ TeM, YTO 10 cux nop y Ilepuoamdeckoro
3aKoHa XUMUYECKHUX DJIEMEHTOB HET JJOTHYecKOoro o0ocHoBaHus. s GpyHgameHTanbHbIX
3akonoB [lpuponpl, KkakoBbIM, Oe3ycinoBHO, sBiugercs Ilepuoguyeckuid 3akoH
XUMHYECKUX DJIEMEHTOB, JIOTHUYECKHMM OOOCHOBAaHUEM MOXKET U JIOJDKHO OBITh TOJIBKO

MAaTCMATC3NPOBAHHOC UJIM MATEMATUYCCKOC 000CHOBaHHE U3 IICPBOIIPUHIUIIOB.

B wucropum cucremaTuzanud XHMHUYECKHX JJIEMEHTOB OBLJIO MHOMXECTBO MOMBITOK
OXBAaTUTh BCE DJJEMEHTHl MaTeMaTh4deckoil ¢opMynold. bbulM TONBITKH W ¢
TPUTOHOMETPUYECKUMH, U C IKCIIOHEHIIMATbHBIMU, U CO CTENEeHHBIMU GyHKIUIMH. Ho
BCE OHM ToTeprienu Heynaauy. [lo-BuagumMomy, o mpUYHHE TOTO, YTO (PyHIAMEHTATbHbIE
3aKOHBI MPHUPOJABI HA CaMOM JeJie MPOCTbl, W BBIPAXKATBCA JOJDKHBI MPOCTBIMU
ypaBHeHHsiMU. Kak 3akOoH BCEMHPHOrO TATOTEHHUS, 3aKOH 3JEKTPHUUYECKOIO

B3aMMOJICUCTBHS, 3aKOH HWHTEHCHBHOCTH cBeTa. [ B caMoM [iejie, BBDKHI |
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rOCHOJICTBOBAN HA NMPOTsHKeHUH 120 neT mpocTermmnil MaTeEMaTUYECKUI 3aKOH OKTaB M3
MY3bIKaJIbHON TrapMoOHUM, 3a0keHHbIH HbtonenacoMm. Ho u 3aeck OblIM M3HAYaIbHO U
HapacTajld CO BPEMEHEM MpoOJEMbI, KOTOPbIE Yepe3 CTO C JHUIIHUM JIET MPUBEIN K
OTKa3y OT OKTaBHOM MpOCTOTHL. B camoMm xene, 3aKOHy OKTaB NOJYUHSIOTCS TOJIBKO
ANIEMEHTHl S-, P-0s0ko0B, OT JIuTus 1o OranecoHa. XMMUYECKUE 3JIEMEHTHI C HOMEPaMHU
119 m 120 emé€ He OOHAapyKEHbI U HE CHUHTE3UPOBAHBI. DJIEMEHTHI S-, P-OJIOKOB
OTLIBEYEHBI COOTBETCTBEHHO 0apA0BO-KPACHBIM U KENTHIM LIBeTaMH Ha puc. 3. TlomHbIx
pAI0B U3 OKTaBbl (BOCbMHU) «KpacHBIX U KEATHIX)» XUMUUYECKHUX JIEMEHTOB TOJBKO O, a
AJIEMEHTOB COOTBETCTBEHHO 48 M3 118 M3BECTHBIX HA CETOAHSA XUMHUUYECKUX DJIEMEHTOB.
Oto nmpumepHo 40,7% BCeX XMMHUYECKUX 3JIEMEHTOB. JlJIsI MCTUHHOIO MaTEMaTUYECKU

odpopmiierHoro 3akoHa [Ipupoasl mpaBoMepHo oxuaath 100%-ro oxBaTa 3JIEeMEHTOB.

NunykTuBHBIA (OT YacTHOTO K OOIIeMYy) TOAXOJ K CHUCTEMaTH3allMk XUMHYECKUX
3JIEMEHTOB MO MEPE OTKPBITUS BCE HOBBIX AJIEMEHTOB ONPABJAH C UCTOPUUYECKOW TOUKH
3peHus. Ho K cerogHsmnaeMy THIO OTKPBITUS U CUHTE3 3JIEMEHTOB ITOJAOIUIM K BEPXHEMY
npeeny MHOXKECTBAa XMMUYECKHUX 3JIeMeHTOB. Hactamo Bpemsi 11l NEeTyKTUBHOM (OT
o0IIero K 4acTHOMY) CHCTEMaTH3allMd MHOKECTBA XMMHYECKUX DJIEMEHTOB. JTO HE
O3HAYaeT MpEeHEOpeKEHUsT WHAYKTUBHBIM METOJOM, B OCOOCHHOCTH pE3yJibTaTaMH,
IIOJIyYCHHBIMHU K CEroAHsAIIHEMY JHIO. Hanpotus, pe3ynpTatsl JAeAyKTUBHOIO
BBISIBJICHUS OOIIMX MATEMAaTHYECKUX 3aKOHOMEPHOCTEH B paClpelelieHUd YHCell
JOJKHBI COIMOCTABIIATHCSL C U3BECTHBIM HBIHE MOPSAKOM (HyMEpalHeil) pacupenesieHus

XUMHUYCCKUX 3JICMCHTOB, ITIOJIYYCHHBIM HHAYKTUBHO B TCYUCHHUC Ooiee ABYXCOT JICT.

Hayka u npocBemenne/od0pa3soBanme

OO6yuenue, yuéba — 0CBOeHHE NTO3HAHHOTO. [l03HaHUE — NPOABUIKEHUE K HETIO3HAHHOMY,
oT ocBoeHHOTO. Hambonee nuHaMuU4YHBIC TPOABMKCHUS B TO3HAHWHM B TOcieqHue 2-3

BCKa CACJIaHbl B MaTCMAaTHKC, CI)I/IBI/IKG, xuMuu. ToH 3aJgaBajla MaT€MaTHuKa. Yrto Takoe
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teopeMa? OHa popMynHpyeTCs B Hayajae MaTEMaTUYECKOT0 UCCIEI0BaHUs, T.€. 3a1aéTcs
chopmynupoBaHHas 1eib. OcTanbHOE — JOKA3aTE€IbCTBO TEOPEMBI, T.€. IPOJBUKEHUE K
c(OpMYIMPOBAaHHOMY B TEOPEME YTBEPKIACHUIO (UCTHHE). XOTh U HE CTOJb YETKO KaK B
MaTeMaTuKe, HO M B TEOPETUYECKON (PU3MKEe, U B TEOPETUYECKON XUMHUHU IMpoLEecc
IIO3HAHUs HUIET II0 TAKOW XKe CXEeMe, IO TakoMy ke anropurmy. Ousuka U XuUmMus —
HanOoJiee MaTeMaTU3UPOBAHHBIE €CTECTBEHHBIE HAYKH.

U 31ech n3HaYaIbHO MOCTAaBUM 1I€NIb — peliuTh MenaeneeBckyto [Ipobiaemy oTcyTcTBUS
MaTeMaTU4eckol GopMysbl y (QyHIaMEHTaIbHOrOo ectecTBeHHOro 3akoHa [lpupoasr —
[lepuoanueckoro 3akona xumuueckux anemeHToB JI.M. Menneneesa. Pemienne Oynem
UCKaTh B BUJI€ YUCJIOBOW (HOMEPHOM) CUCTEMATU3alMU XUMUYECKUX DJIEMEHTOB.

Besikoe HaydHOe JOCTHKEHHE O€3 €ero HMCTOPUH, MCTOKOB BBITVISIUT OTOPBAHHBIM,
M30JIMPOBAHHBIM OT O0OIIero mporecca W moroka mno3HaHus. [loatomy obOpatumcs K

YUCJIIOBBIM UCTOKaM U HACIAM CUCTECMaTU3allU XUMHUUYCCKUX IJICMCHTOB.

1. /IBymepHoe npeacTaBjieHne MHOKECTBA XUMUYECKHUX 3JIEMEHTOB

N3nauanbho, emé ¢ koHua XY |l Beka xuMuueckue 31€MEeHTbI BLICTPAUBAIIH 110 MOPSAJKY
BO3pACTaHUsI aTOMHBIX BeCOB (Macc). Bc€ MHOKECTBO XMMUUECKUX DJIEMEHTOB, a UX YK€
B niepBoil yeTBepTu XIX Beka HacuuTHIBAJIIOCH OoJjiee JecsTKa, BhICTpauBaid B psia. K
60-piM Tomam XIX Beka YHMCIIO XUMHUYECKHX JJIEMEHTOB IpeBbIcHIIO Yxke 60. Psg
XUMUYECKUX 3JIEMEHTOB CTaJl CIMIIKOM JUIHHHBIM. CKOpee BCEro, 3TO OBbUIO TJIaBHOM
MPUIUHON OTCTYIUICHHS OT MPSIMOJMHEHHOTO OTOOPaKCHHMS MHOMXECTBA XHMHYECCKHX
aneMeHTOB. IlepBhIM B 2TOM HampaBiICHUM CJEAyeT NpuU3HATh AJiekcaHapa e
[MlankypTya, KOTOpHIA B 1862 rogy npeactaBuil NAIUHAPUIECKYIO GOpMY OTOOpaKeHUs
MHO’KECTBAa XUMHUYECKHX JIEMEHTOB.

B 1864 rony Anexkcannp HeloneHAC NOpenyioKWiI «3aKOH OKTaB» B JIBYMEpPHOM
pasMENICHUM MHOXECTBA XHWMHUYECKUX 3yeMeHTOB. ['omom mo3zxke Jlorap Meliep

MpEeIOKUI ABE TaOnuIpl o 28 u 22 anementa. Yepes 5 ner, B 1869 rony npeacraBui
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ceoto llepuonuueckytro Tabnuiy xumuyeckux »diaeMeHToB Jmutpuit HBaHoBuY
MenneneeB. MmenHo oH BhepBble cdopmynupoBan Ilepuoguyeckuid 3akoH B
pacnpeneneHun xumudeckux oanemeHToB. Jlo 1989 roma B mupe (daxkTHuecKu
MOJIb30BAIUCH KOpoTKorepruoaHoil Ilepuonuueckoit Tabnuiel XUMHUYECKUX JIEMEHTOB
JA.WN. MengeneeBa ¢  HEKOTOPBIMH  U3MeHeHusAMH. [IpumedarenbHO, dYTO B
KOPOTKOIIEPUOAHOM Ilepuonnueckoi Tabmuue XUMHUYECKUX 3JIEMEHTOB
NpUIEPKUBAIHUCH «3aKOoHa OKTaB» Helonenaca. Takum oOpa3om, UMeHHO B 60-x rojgax
XIX Beka npou3omén nepexoa OT OAHOMEPHOTO MHOXKECTBA XHUMHUUYECKHUX AJIEMEHTOB K
UX JIBYMEPHOMY MHOeCTBY. [leproanyeckuii 3aKkOH XMMUYECKUX 3JIEMEHTOB, TOBOPSIT,
«apucHuics» J. U. MeHaeneeBy HMMEHHO HAa JIBYMEPHOM TaOJMYHOM INpEJCTaBICHUU
MHOYECTBA U3BECTHBIX EMY XUMUYECKUX IJIIEMEHTOB.

Kaxk Ob1 TO HU OBUIO Ha caMOM Jiefnie, HO To, uTo [lepuonnueckuit 3akoH pacripeaesieHus
XUMHYECKUX DJIEMEHTOB ObLI BBIABICH Ha JBYMEPHOM TAaOJUYHOM TMPE/ICTABICHUU
XUMHUYECKUX 3JIEMEHTOB — UCTOPUUYECKUI (aKT.

HmeeT cMbICI paccMOTPETh HEKOTOPbIE KOHKpETHblEe (OpMBI TaOJIHUL, B KJIETOUKAX
KOTOpBIX OyJIeM pa3MellaTh XUMHUYECKHE DJEMEHThl B MocienoBaTeabHocTH 118

HOMCPOB, HOHy‘IGHHOﬁ K HACTOAIICMY BPCMCHU.

2. JIBymepHas uucjoBasi Taéauna 10x12
Bo3pMéM MHO)kecTBO mepBbix 120 yucen HaTypajlbHOTO psia, KOTOPHIMHU MPOHYMEPYEM
KJIETOUKHU-KBajipaTuku B Tabmuie 10%X12. Drto mambonee mpoctas Tabnuia JUisl 4ucem
MIPUBBIYHON BCEM JAECATEPUYHOM CHCTEMBI cunciieHus. Ha prucyHke HUXke npencraBiieHa

Takast Ta0InIa.
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11 12 13 14 15 16 17 18 19 20

21 22 23 24 25 26 27 28 29 30

31 32 33 34 35 36 37 38 39 40

41 42 43 44 45 46 47 48 49 50

51 52 53 54 55 56 57 58 59 60

61 62 63 64 65 66 67 68 69 70

71 72 73 74 75 76 77 78 79 80

81 82 83 84 85 86 87 88 89 20

91 92 93 924 95 926 97 98 929 100

101 102 103 104 105 106 107 108 109 110

111 112 113 114 115 116 117 118 119 120

Puc. 5. Ta6muma 10%12 mepBeix 120 yucen HaTypaabHOTO psijia

BunHa nepnoandHOCTh BO BCel TaOJHMIle BCEX YMCell MepBOro paspsaa B 1-12 crpokax.
Bes tabnuna nepuoauvHa. B necsiTepudHON cuCTEME CUMCIICHHS TaK M JOJIKHO OBITh.
Paspsn u3 1-10 3ama€t (ompenenser) mMepuoaAUYHOCTH JIOOBIX Tabmwil u3 CTpok B 10
YUCElL.

[TocmotpumMm, kak Oynet BeIrasAeTh Tabmauia 10x12 ¢ 118-10 W3BECTHBIMU Ha CETOIHS

XUMHYCCKUMHU 3JICMCHTAMU.
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Puc. 6. Homepa xumuueckux 35meMeHToB B Tabauie 10x12.

Bce xumuueckue snemeHTsl fAensaTcs Ha 4 Buna (61oka). OHM Ha3bIBAIOTCS OJIOKaMu S-,
p-, d-, f-anemenroB wim S-, p-, d-, f-Ookamu. DTO M3 KBAHTOBOW XUMHH, TOBOJIHHO
clokHOM Hayku. Ho 11 Hac Ba)KHO ceifyac TOJIBKO TO, YTO JTFO00N XMMUYECKHMN 2JIEMEHT
00513aTENBHO SIBISIETCS WICHOM OJTHOTO M3 4-X 0JI0KOB. HeT XMMUYECKUX JI€MEHTOB BHE
3TUX 0J0KOB. Bee S-371eMeHThI TpaIuIiimOHHO OKPAIIMBAIOT B KPACHBIN IIBET, P-2JIEMEHTHI
— B KENTO-OpaHKEBbIH, d-3JIEMEHTHI — B CHHHI ¥ f-3]IeMEHTHI — B 3€IEHBIN.

[leprOIMYHOCTP XUMHUUYECKHUX HJIIEMEHTOB O3HAYAET, YTO KAKHWE-TO PsAbl IMOJHOCTHIO

MOBTOPSIOTCS B CBOMX paclBETKax XOTs Obl 0JuH pa3. Ha puc. 6 Takux psjgoB TOJIbKO 4
16



u3 12 panos, 1.e. ToabK0 33%. M3 3TOr0 MOXKHO caenarh BbIBOA: 12-TH psiaHas Tabnuia
n3 10 XMMHUYECKUX 3JIEMEHTOB B psJax HE NPUrOJHA JJI YUCIOBOrO IIH(PPOBaHUS

Ilepmognyeckoro 3akoHa.

3. /IBymepHas yucaoBasi Tadauna 8x15
3nech Takxke 120 umcen. Ho 8-mu pa3psanbiii «okTaBHbIA 3akoH» Hbronenaca ObLn
MaremaTuieckuMm 3akoHoMm [lepuoamyeckoit Tabmuibl XUMHUUECKUX JIEMEHTOB 710 1989
roga. I[loatomy u Mbl OyAaeM OXHUJATh BBICOKOM NEPHUOJUYHOCTH BO MHOMXKECTBE
XUMHUYECKUX DJIEMEHTOB B TaOnuie 8%15. Ha pucyHke Huxke npencraBieHa Tabiuia

8% 15 XUMHUYECKUX DIIEMEHTOB.

113 /114 115|116 117 118 119|120

Puc.7. Ta0Omuna 8x15 XUMHUYECKUX IIIEMEHTOB.

17



IToBTopsromuxcs cTpok 9 u3 15 ninm 72 xumuueckux snementa u3 118. 3to cocrasnser
61%. JleiicTBuTENnbHO OOJIBIIION TIpOIIeHT Nepuoauzyemoctu. Ho go 100% nanexo.

Ecnu IICPBLIC 1-4 XuMHUYECKHMX DJIEMEHTA BLIHECTH 3a IMpCaCIIbL Ta6J'II/II_IBI, TO IIOJTYYHM:

117118 119|120

Puc. 8. TaGnuma 8%15 ¢ BRIHECEHHBIMU 3a MPEACIIbI TaOIUIIBI TepBhIMU 1 -4
XUMUYECKUMU DIIEMECHTAMH.
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3aecb Mbl uMmeeM 11 mnepuoamsupyromuxcsa psaoB, T.e. 88 u3 118 xummyeckux
AJIEMEHTOB. DTO COCTABISAET OKOJO 74,6%, 4TO BbINIE Mpeapiayniero ciydas Ha 13,6%.

Xopouiasg NepuoAu3UPYyEMOCTb, HO Takxke fajieka oT 100 npoueHTHON.

4. JIBymepHas yuciaoBasi Tadauna 16x8
16-pa3psaHyro TabauIly pacCcMaTpUBaeM B CBSI3U C TEM, UTO OHA KpaTHa 8-MH pa3psiIHOMN
Tabnune, a Ha §-MU pa3psAHON TaOIMIE JOCTUIIIM MAaKCUMAaJIbHON MEPUOAUYHOCTH B
74,6%. B aTom cnydae B Tabmwuie 128 4yuCIOBBIX 3j1eMEHTOB. TabiMila XUMHUYECKUX

QJIEMCHTOB JIA 3TOTO ClIydas:

Puc.9. Ta0muna 16X8 XUMHUYECKUX DIIEMEHTOB.

Onementol 121-128 oTHOcsATCS K crnenymoomemy 3a f-0iokoM (-0J0Ky OXKHIaeMbIX
XUMUYECKUX 351eMeHTOB. Ho ux moka HeT. [103TOMy XMMHYECKHUX 3JIEMEHTOB U B 3TOM
ciydae Toibko 118. B Takoit Tabnuiie umeroTcs 4 nepruoau3UpYIOMIUXCS Psiia, U B HUX
64 xumuyeckux anemMeHTa. OHU COCTaBISAIOT NpUMEPHO 54,23%. DTO HAMHOTO MEHBIIIE
MaKCUMaJbHOTO 74,6%. YMEHbIIaTh WM MOBBIIIATH Jlajiee pa3psaIHOCTh TaOIUI] CMBICIIA
HE uMeeT. Mbl OJIyYWJIM BECh JUaIa30H MNEPUOIU3UPYEMOCTH XUMUYECKUX AIIEMEHTOB.
K uckomomy pesynpraty — 100%-mMy oxBaTy BCeX XUMUYECKUX JIEMEHTOB HE MOIOILIH

U OJIN3KO.

BI)IBOI(Z PaspAaIHOCTb YUCCII HEC MOXKCT CIIYKUTb OCHOBOM CHUCTCMAaTHU3allu XUMHYCCKHUX

OJICMCHTOB.
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5. HekoTopble 3aKOHOMEPHOCTH HATYPAJIbHBIX YHCEJI

1. KBagpar HaTypalbHbIX YETHBIX uncen (2n)? mpu N = 1; 2; 3; 4:
(2n)? = 4; 16, 36; 64 1)
2. KBaapar mr000ro yucia N paBeH CyMMe MOCJIEI0BATEIbHBIX HEUETHBIX YUCEIT:
n?=3(2n-1) (2)
DTO MOATBEPKAACTCS MOCIIEA0BATEILHOM OICTAHOBKOM Kaxkaoro u3 N = 1; 2; 3; 4:
¥(2n-1) = 1; 1+3; 1+3+5; 1+3+5; 1+3+5+7
Torna: (2n)2 = 4n? = 2[2(1); 2(1+3); 2(1+3+5); 2(1+3+5+7)], (3)
U (2n)2 = 2(2n%) = 2(2; 8; 18; 32) 4)
[Tonmyunnucek uncnoBbie cABOEHHOCTU — Jlnanel u3 uncinoBeix Monan: 2; 8; 18; 32.

[Mpocymmupyem Bce Juamsr (4) ¢ yuérom (2), (3) u mpaBmiIa: «OT MEPECTAHOBKH MECT

ClIaraCMbIX CyMMa HC U3MCHSCTC).

>2(2n?) = 2323(2n —1) = 2{2[(1) + (1+3) + (1+3+5) + (1+3+5+7)]} =
= 2(2)+2(2+6)+2(2+6+10)+2(2+6+10+14) = 2(2)+2(6+2) +2(10+6+2) +2(14+10+6+2)

[lonmy4yeHHsblii pe3ynbTaT MPENCTaBIsET TOJMHOE KojaudecTBO Kp uucen B YeTHIPEX
Huanax u3 nap (2 nmepen ckoOkamu) MoHa1, KOTOPbIE COCTOSIT MOCIEOBATENbHO U3 1,

2, 3, 4 cnaraembIx (B ckoOkax). B cymme oHM COCTaBIISIOT:
Kp =2(2) + 2(6+2) + 2(10+6+2) + 2(14+10+6+2) = 120 (5)

C yuérom (3) dbopmyny (4) MOXKHO 3amMcaTh Kak IOCIIEIOBATEIIBHOCTh KomdecTBa Ky

HomepoB N B Monagax nocnenoBarensHocT N = 1; 2; 3; 4 Jluan:

Kn = 2(2n%) = 222(2n -1) = 2[2(1), 2(3+1), 2(5+3+1), 2(7+5+3+1)] (6)

20



[IpousBenss CyMMHpPOBAaHHME U PACKPBITUE CKOOOK B MmpaBod 4actu (opmynsl (6),

noyyuM pacrpenenenue konmuectsa Ky HomepoB N B n=1; 2; 3; 4 Jluamax:

Juanpl, N 1 2 3 4
Kn 2 2 8 8 18 18 32 32

OTO MMEHHO KOJIMYECTBA HOMEPOB, KOTOpbIE HE 0053aTEIbHO JOJIKHBI CIEAOBAThH IO
onpeneNéHHOMY HapacTaroleMy nopsaky. Homepa ke AOKHBI MOCIENI0BATEIbHO
Hapactatb. Homepa N, B omnmume ot Ky no ¢opmyne (6), T0JKHBI BBICTpauBaTHCS

nocieoBaTesibHO B MOHaAax 1-4 Jluan no nomo6HoM ke mpocToii popmyiie:

N = 2¥2(2n -1), )

HO B CTpOro HapacTaromieM rnopsiake ot 1 qo 120 B mocnempoBaTebHbIX MOHaax Jluas.

Bce 3nauenus Ky u€rnbie. [IoaToMy MOXXHO TOCTPOUTH F€OMETPUUYECKOE BOILIOIICHHE
dopmyn (5) m (6) B BHJE€ BEPTUKAIBLHO-CUMMETPUYHOW TOCieaoBaTeibHOCTH 20-TH
pAIOB siueeK-KBaapaTukoB 8-mu Monana g 1-120 svomepo N B n =1, 2; 3; 4 JInanax-

YPOBHSIX CBEpXY BHU3:
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3
4
n=
5
6
7
8
i 9
n=3
10
11
12
13
14
15
= 16
n=4
17
18
19

20

Puc. 10. BeptukaibHo-cuMMeTpuyuHOE 4-YpOBHEBOE pacIpeielICHUE TUEEK-KBaIPATUKOB

s 1-120 HomepoB B 20-tu psagax 8-mu Monan mo popmyne (6).

Panwr 1, 2,4, 6,9, 12, 16, 20 cocTtosaT u3 2 sueek, psaast 3, 5, 8, 11, 15, 19 — u3 6 sueexk,
panel 7, 10, 14, 18 — u3 10 sqeex, psagsr 13, 17 — u3 14 sdueex. B menmom ¢opma ¢
SUelikaMM HAIIOMUHAET BETBHCTYIO LEnKy. Psambl ¢ AByMs sdeifiKaMH BBITJIAAAT CTBOJIOM
Enkn. OuyeBHIHO, CTBOJI OTJIMYAETCsA OT BeTBel. UM mepBbie BeTBH YpoBHeW N = 2; 3; 4
OTJIMYAIOTCS APYT OT Apyra. Takum ob6paszom, Fika cocTapieHa n3 cTBoNa M TPEX pa3HBIX

BETBEH. DTH OYEBUIHBIC Pa3INYKs OTPA3UM TOHAMHU CEPOH IIKajsl (gray scale).
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Puc. 11. fueiiku Enku B pa3IMuHbIX TOHAX CEPOU LIKAJBI.

[lepBeiii psim mepBoW auanbl M3 JBYX sSuUeeK 3a7aéT OJAHOOOpa3re CTBOJOBBIX SUEEK
MEPBOTO TUMA B OCTAIILHBIX HIDKEISKAINUX MOJOOHBIX ceMH psaaax. TpeTuit psa (mepBolid
psan Bo BTOpoi Jluaje) 3a7aéT INECTHAYEEUHBIH IEpBBI THUI BETBM Eioku B
HUKENEeKauX MoAo0HbIX TsaTH psigax. CenbMoit psan (mepBolid psin B TpeTheit [uane)
3a7a8T JeCATHAUEEUHBIH BTOPOH THI BETBU EIIKM B HMKENEKAIIMX TPEX MOJOOHBIX
panax. Tpunaguateii psan  (mepBeli  psax B uerBéprodt  Jmame)  3amaér
YeTHIPHAAIATUAYEeUHbIH TPETHIl THIT BeTBH EJIKM B HIDKeTeKaIieM ogHoM paay. Takum
obpaszom, mepBele psaael ¢ 2, 6, 10, 14 suelikamMu SBISIOTCS THUIIO3aJAFOIIUMHU IS

HIDKEJICKAITUX TI0TI00HBIX PsAJIOB, U Bce 120 sUeek 3aKOHOMEPHO IOApa3AeIsiioTes Ha 4
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THIIA.

IIponymepyeM si4efiKM  IIOCIIEOBATEIBHO B CTPOrO0 HAPACTAIOIIEM IOPSAJKE CIIEBa
HalpaBo B psAax C MOCJIEIOBATEIbHBIM MEPEXOJ0OM Ha HIKENEkKalIUue Psiabl CBEPXY
BHU3. [Ipu atom HOoMepa N = 1, 2, 3, 4 luan-YpoBHei u psagos 1-20, 3aduKCUpOBaHHbIE

Ha ¢ur. 1 u Homepa [{uaa-YpoBHel Ha Gur. 2, OycTUM.

9 10

13 |14 |15 |16 |17 |18

21 (22 (23 (24 (25 (26 (27 |28 |29 |30

31 (32 (33 |34 (35 |36

106 | 107 (108 | 109

113 | 114 | 115 | 116 | 117 | 118

Puc. 12. IlocnenoBarenbHast Hymepanus sueek Ha puc. 11.
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B cooTBercTBHU C pasaciICHUEM AYCCK Ha YCTBIPC THIIA H IMOCJICAOBATCIIBHBIC HOMEPA

1-120 pacnpenensercs 1Mo TUM YETHIPEM TUIIAM.

6. IpeoGpazosanue popmbl Eiaxn

®opma Enkxu Ha puc. 12 MoHOTOHHaA, 4 ypOBHS BBIpaKeHBI He YETKO. MMeeT cMbIci
nepeiitu k apyroit popme — Enke 1. Ilpeobpazosanue Enxu x Enxe 1 nmposogutcs
IIEPECTAaHOBKAMHU PSAJIOB HMKHUX MOHaJ Jluaa Ha ypoBHSX 2, 3 u 4, HE HapylIAIIUMU
MPaBWJIO: OT NIEPECTAHOBKU MECT cilaraeMbiX (psiioB) cymMma He u3Mensaercs. O4eBuIHO,

npeobpa3oBaHre JOJDKHO ObITH 00paTUMBIM:

- I

13 (14 |15 |16 |17 (18

‘21 |zz ‘30‘ |z1 ‘zz 23 |24 |25 |26 |27 |28 |29 ‘3o|

31 (32 33 |34 |35 (36 31 |32 |33 (34 (35 |36

’39|4041424344454547|43| .

49 |50 |51 |52 |53 |54 49 |50 |51 |52 |53 |54

39 (40 (41 |42 |43 (44 |45 |46 |47 (48

57 |58 |59 [60 [61 [62 |63 [64 |65 |66 |67 |68 |69 |ioj

71 |72 |73 |74 |75 |76 |77 |78 |79 |80 71 |72 |73 |74 |75 |76 |77 |78 |79 |80

81 |82 |8 (84 (8 (86 81 |82 |8 |84 |8 |86

“89‘ ‘ﬂ) 91 |92 |93 (94 |95 |96 |97 |98 |99 |100 101~|v‘101

103 | 104 | 105 | 106 | 107 (108 | 109 | 110 | 111 | 112 113 (114 | 115 |116 |117 |118

113 (114 | 115 | 116 | 117 | 118 103 | 104 | 105 | 106 | 107 (108 (109 |110 (111 (112

Enxa — Enxa 1

Puc.13. Ilpeobpasosanue Enxu B Enxy 1.
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Hosepuém Enky 1 na 90° mpoTHB 4acOBOM CTPENKU B TOPU3OHTAIBHOE TIOJIOKECHHE

81 82 83 |84 |85 |86

113 114 115|116 | 117 |118

31 32 33 |34 (35 |36

13 14 |15 |16 |17 |18
49’50 51 (52 [53 [s54

Puc. 14. T'opusonTtansHoe nonoxxenune Enxu 1.

Huansi-YpoBuu 1, 2, 3, 4 umeroT KoHQUrypaluu ¢ Mocjie10BaTeIbHbIM HapaliBaHUEM
kBajgpatukoB oT Ksaapara u3z 4-x kBajgpatukoB 10  IIpsmoyronbHuka 8x14 ¢

CUMMCTPUYHBIMHU CTYIICHYATbBIMH BBICMKAMMU.

Paznecém BepxHue u HipkHuUe yacTH Juan-Yposueil Enku 1 mo ropuzoHTanbHONW OCHU
CUMMETPUHM TaK, 4YTOOBl W3 HHUX OOpa3oBajach HENpephIBHAS MOCIEI0BATEIBHOCTD

BEPXHUX U HUKHUX TOJIOBUH J(naa-YpoBHEN:

[26 |27 [28 |29 ]ao|

108 | 109 (110 (111 (112

‘44 45 |46 |47 143|

16 |17 |18
34 |35 |36
52 |53 |s¢
84 |85 |86
116 (117 | 118

31 (32 |33
49 50 |51
81 |82 |83
113 114|115

6
13 |14 |15

103/(104 | 105 | 106 107

ill |zz 23 iza 25
lae |4o a1 iaz a3

Puc. 15. IlocnenoBarenbHOCTh BEPXHUX U HIKHUX MOJA0BUH Jluan-YpoBHei

Enku 1 na puc..14.
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ITonyyeHHass  KapTHHAa  HAaNlOMUHACT  «BOJIHY M3  CUMMETPUYHBIX  IIOJIOBUH
Huan-YpoBHenl. OHHM HW3MEHSAIOTCA W 10 IIHMPHUHE, W IO BBICOTE HA JBAa KBAJAPATHKA.
Takylo «UMIIYJIbCHYIO IIOCIEAOBATEIBLHOCTBY PACHpPEHEICHUS YUCEI-HOMEPOB HEIb3s
HAa3bIBaTh [IEPUOJUYECKOM, IIOTOMY YTO UMITYJILCHI HE OJMHAKOBBI ¥ IIPOMEKYTKH MEXKIY
HUMU (TIepuozbl) HE ocTOsiHHBL. Ho ¢ y4€ToM TOro, 4ro mupuHa ¥ pazMax UMITYJIbCOB
NIOCJIEA0BATENBHO YBEJIIMYUBAIOTCS HA IMOCTOSIHHOE YHUCIIO 2, T.€. IO apu(pMETHYECKON
IIPOrPECCHH, IIOJIyYEHHYIO 3aKOHOMEPHOCTH MOYKHO Ha3bIBATh

HpOFpeCCI/IOHHO-HepHOI[quCKOﬁ HJIA KPATKO — HpO-HepHOI[I/III€CKOI‘/’I.

7. Cpéprka BeTBHCTOH Ejikn 1 B koMnakTHyIo opmy

[lepBas [Inana B Enxe 1 Ha puc. 13 yxe B xommnakTHoU ¢opme KBaapara 2x2 u3 4-x
KBaJApaTukoB ¢ HoMmepamu: 1,2.3,4. Ksagparsl 2X2 MOXKHO paccMaTpuBaTh Kak
KBaJIpaTHBIE CJIOM IIEPBOTO THIA, OKaWMIIsAoIMe BHYTpeHHuM KBagpar co CTOpOHOWH,

paBHoti 0. KBaapatsl ¢ kBagpaTUKaMu OyJeM mucaTh ¢ IpornucHoi OykBbI K.

Bo Bropoit [luage Enxu 1 suetiku ¢ Homepamu 5, 10 u 13, 16 mepemecTuM Tak, 4YTOObI
obOpazoBasicss Bropou Tunm KBaapatHoro cios u3 16 sueek, OKaWMIISIONTUN TIEPBBIN THIT

KBanpartnoro cnost u3 siueex ¢ Homepamu: 11,12 u 19,20.

B tperbeit Jlmane sueiiku ¢ Homepamu 31,36 u 49,54 mnepemecTHM Tak, YTOOBI
oOpazoBascsi BTopoil Tun KBamgpatHoro ciost u3 16 siueek, OKaWMIISIONUN TIEPBBINA THII
KBanpartnslii ciosi u3 siueek ¢ Homepamu: 37, 38 u 55, 56. Sueliku ¢ HoMepamu 21, 22,
23, 28, 29, 30 u suetiku ¢ HoMepamu 39, 40, 41, 46, 47, 48 mepeMecTHM TakK, YTOOBI
oOpa3zoBascs Tpetuii Tunt KBaapatHoro cinos u3 20 KBapaTUKOB, OKAWMIISIONIUNA BTOPOU

tun KBagpaTHoro ciios.

B uerBéproii {uane sueiiku ¢ Homepamu 81, 86 u 113, 118 mepemecTum Tak, 4yTOoObBI

oOpazoBasicst Bropoi Tun KBagpaTHoro ciios, okaiimuisitomuil nepssiit Tun KBagpaTHoro
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ciost u3 ssiueek ¢ Homepamu 87, 88, 119, 120. HAueiixku ¢ Homepamu 71, 72,73 u 103, 104,
105 nmepemectuM Tak, yToObI OOpa3oBaics Tpetuid Tun KBagpatHoro cios u3 20 syeex,
okaimisitonuii BTopoi THn KBaapaTtHoro cmos. fueiiku ¢ HOMepamu 57-70, 89-102
MEePEMECTUM TaK, 4TOOBI oOpazoBaics 4eTBEPTHIM Tun KBaapaTHOro ciost ¢ HOMEepamu

57-70, 89-102, okaiimistomuii Tpetuit Tun KajgpaTHoro cios.

B pesymbraTe  5THX IIepEMENIEHUI MOAy4UM CBEPTKY pa3BEeTBIEHHONW Enku B

KOMIIakTHYI0 Qurypy u3z Ksanpatos 2x2, 4x4, 6x6 u 8x8, HarnomuHarolyto MoOHyMeHT.

-
5 10
13 18

14 |15 |16 (17

[23 [2a |25 [26 |27 [28 |

22 (32 [33 [34 |35 |29

21 |31 36 |30

39 |49 54 |48

40 |50 |51 |52 |53 |47 |

41 (42 (43 (44 [45 (|46

| 114 | 115 | 116 | 117 |

Puc. 16. MonymenTt u3 1-120 ssueexk B KBampartax 2x2, 4x4, 6x6, 8x8.
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Tunuzanus TpoOHyMEPOBAHHBIX AYEEK TOHAMH CEpO IMIKaibl Ha (Ur.3 COXpaHUIACh, HO

HE B JTUHEHHBIX pAaaax, a B KOHOCHTPHUYCCKU 3aMKHYTBIX KBaI[paTHBIX CJIOAX.

8. «BosHOBOe» pacnpeaejieHue 4YuceJ-HOMepoB B nojoBuHax KBagparTos

BeprukaneHyro mocienoBarenbHOCTh KBagpatoB 2x2, 4x4, 6x6, 8%8 cBepxy BHH3 Ha
puc. 16 B yMmeHbuieHHOM MacmTabe TmepeBeéM Ha TOPU3OHTAIBHYIO UX

MMOCJIACA0OBATCIIBHOCTD CJICBA HAIIPABO:

118 |112

73 (74 |75 |76 |77 |78
72 |82 (83 (84 |85 |79
104 | 114 | 115 | 116 (117 |111
105 | 106 | 107 | 108 (109 | 110

40 (50 |51 |52 |53 |47
41 (42 |43 (44 (45 |46

103 | 113

71 |81

Puc.17. I'opuszoHTanbsHas mociaeaoBarebHOCTh KBagpaToB 2x2, 4x4, 6x6, 8x8.

Pa3zHecéM BepxHUE U HUKHHME MOJIOBUHBI KBagpaToB 2x2, 4x4, 6x6, 8x8 Ha puc. 17 B

HCIIPCPBIBHYIO ITOCJICA0BATCIIBHOCTD BAOJIb CpC,HPIHHOﬁ FOpHBOHTaHLHOﬁ JIMHHU:

s s e

S L EN R E
AL = EERERENE
L 2 s el
CIE) 3 fo naFEE
T %52 8 [ 2 lz =338
? R R 2 8 |7 o s 2 B3 8

Puc. 18. HenpepbiBHas ociea0BaTeIbHOCTh OJIOBUH KBaagpaToB-YpoBHEN:

2x2, 4x4, 6x6, 8x8.
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[lony4ynnack Mociaea0BaTENBHOCTD «BOJH MPSIMOYTOJIBHBIX UMITYJILCOB)» C HAPACTAHUEM
apryMeHTa Ha 4 eIMHMIBL, a aMIUIMTYAbl Ha | €QUHUIY C KaXIOW IOCIEAYIOoIIEeH
«BOJIHOW». Her omnpenensoomero npu3Haka NEPUOAUYHOCTH — IMOCTOSHCTBA MEPHOIA.
IloaToMy Takass NOCIENOBATEIIBHOCTh HE SBISAETCS ~ MEPUOAUYECKOM B CTPOTrOM
ONPENEIICHUH TOHATHS NEepUOoANYHOCTH. HO, NOCKOJIBKY apryMeHT M amIUIMTyAa
U3MEHSIOTCS Ha MOCTOSHHBIE 4YKcCia B apU(PMETHUYECKOW MPOTrpeccMd OT MUMIYJbca K
UMITYJIbCY, TO TIOJYYEHHYIO 3aKOHOMEPHOCTb MOYKHO Ha3bIBaTh IPOTrPECCUOHHO-

NEePUOIUYECKON (MPO-NIEPUOANUECKON).

Takum o6pazom, u jis cinydas [Quamnoit (Enounoit), u jms cioydass KsampaTHoit
(MoHYMEHTaNBHOM) GOpPM pacnpeaesiCHUs] HATypaJbHBIX YHCEI-HOMEPOB IMOJIYUYaIOTCs
MIPOrPECCUOHHO-TIEPUOIUYECKAA  3aKOHOMEPHOCTH B IIOCIIENOBATEIIBHOCTH  MX

pacmnpeneneHusl.

Enounoe Jlmamsoe (puc. 12, 13.) um MonymentansHoe KsaapaTtHoe (puc.16)
pacnpeneneHuss  MPOHYMEPOBAHHBIX  SYEEK  MCKIIOYUTENBHO  MaTeMaTU4YeCKOro
(Teopernueckoro) mpoucxoxkaeHus. OHU MoryT ObITh 3G(PEKTUBHBI IS Pa3HBIX
MHOKECTB OOBEKTOB peaJibHOro Mmupa, Kak HCKYCCTBEHHBIX, TaK M €CTECTBEHHBIX.
Hampumep, B HMCKYCCTBEHHBIX TIOCTPOCHHSIX TaKUM MOXET OBITh 3A()heKTUBHBIN
KIIMHOOOpAa3HbIN CTpOM  OOWIIOB, MOJpa3aciiCHUi, OOCBBIX MAIlMH, TAHKOB, CYIOB,
CcaMOJIETOB, BOMHCKUX COCIMHEHHM JUIsi TPOphIBA OOOPOHUTENBHBIX JUHUN WU
HACTyMmaTeNbHOTO (poHTAa TNPOTUBHMKA. JlJIT €CTECTBEHHBIX OOBEKTOB MOXKHO

COIIOCTAaBUTh HUX C PACIIPCACICHUCM MHOXCCTBA XUMHWYCCKUX 3JICMCHTOB.

9. Pacnpene.ﬂemm MHOKECTBA XUMHYCCKHUX IJICMCHTOB

Ha puc. 12 u na puc. 16 s4eiiku ¢ HOMepaMu JOTOTHIUM CHUMBOJIAMHU COOTBETCTBYIOIUX
XUMHYECKHX DJIEMEHTOB. Bce CyIIecTBYIOIIME HAa CETOAHS XHUMWYECKUE DJIEMEHTHI

OTHECeHBI K 4-M Oyokam: S, P, d, f. Suelikn ¢ XUMHYECKUMU DIIEMEHTaAMH 3TUX OJIOKOB
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OOBIYHO OTLIBEYHBAIOT COOTBETCTBEHHO KPACHBIM, KENTO-OPAHKEBBIM, CHHUM U 3€JIEHBIM
useramu. Ha Hmkecneayromux puc. 19 u puc. 20 npeacrasieHsl uncaopas Eika Ha puc.
12 u Yucnoroit MornyMeHT Ha puc. 16 ¢ CHMBOIaMH XUMHYECKHX 3JIEMEHTOB U B I[BETaX
siueek S, P, d, T 6okoB. [To moruke Gpopmyi (5) u (6) anementsl 119 u 120 101KHBI OBITH
S-anemenTamu. Ho oHu emé He oOHapyeHbl M HE CHUHTE3UPOBAHBI. SlUelKH C 3TUMHU

QJICMCHTAMHM OTHBCYCHBLI HE KPACHBIM, a TéMHO-KpaCHBIM IIBETOM.

Al |Ssi [P (S Cl |Ar
13 (14 |15 |16 |17 |18

31 |32 |33 [34 |35 |36

In [Sn |Sb |Te |I Xe
49 (50 |51 |52 |53 |54

81 |82 |83 |84 |85 |86 82 84

Tl Rn

81 86

Og

119 120 118

Lv Ts

116 | 117
Nh |[FI |Mc [Lv |Ts |Og

113 | 114 1115|116 | 117 | 118

Puc. 19. Puc. 20.

Enka XxuMu4yecKux 371€MEHTOB. MOHYMGHT XUMHNYCCKHUX JJICMCHTOB.
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Pasmensl 5 u 7 3aBepIIMINCH BBIABIEHHEM 4YeTBIPEX THUIOB sdYeeK, KOTOphlEe ObUIH
3aQUKCUPOBAHBl PA3AMYHBIMM TOHAMHM CEpPOM IIKajbl. PaccMOTpMM COBMECTHO
Yucnosyio Enxy (puc. 12), uucnosoii Monyment (puc. 16), Enxy xummyeckux

aneMeHToB (puc. 19) 1 MOHYMEHT XMMHUYECKUX 371eMeHTOB (puc. 20).

71 72 |73 |74 |75 |76 (77 |78 (79 |80

111 | 10:

110

Puc. 21. CoBmecTHOE nipencraBienue puc. 12, puc. 19 u puc. 16, puc. 20.

B Enounom pacnpesieieHun XMMUUYECKHX 2IEMEHTOB IepBas Mapa S-3JeMEHTOB IIEPBOTo
YPOBHsI IMPOSIBJISECT CBOK THUIIO3aJAOLIYK) POJIb TEM, YTO BCE Mapbl «CTBOJIOBBIX»
JJIEMEHTOB SIBIISIFOTCS  «KPAaCHbBIMM»  S-3jieMeHTaMH. B MOHyMeHTe XMMHUYECKUX
JJIEMEHTOB A3TOT THUI MPOSBISIETCS  «KPACHBIMW)»  KBAaJAPATUKAMU B YETBIPEX

KOHIICHTPHUYECKHUX CIOSIX U3 YEeTBIPEX siueek B KBagparax 2x2, 4x4, 6x6, §x8.

IlepBas opaH)keBast «BETBb» BTOPOTO YPOBHS EJKM XMMHUUYECKHX 3JEMEHTOB 3a4a€T THUI
OCTaJbHBIX P-371€eMeHTOB. B MOHyMEHTE BCE P-3JE€MEHTHI PAaCIOJIararoTCsl BO BTOPBIX

KOHIOCHTPHUYCCKHUX CJIOAX, OKaﬁMHHIOHIHX KBaI[paTBI U3 IBYX Iap S-3JIEMCHTOB.

IlepBass «cuHsISI BETBb» TPETHErO YPOBHSA EJNKM XMMHUYECKHX 3JIEMEHTOB 33aJa€T THI

ocTalbHBIX BeTBeH O-anemeHToB. B MonymeHTe Bce O-3ieMEHTBI pacmojiararoTcs B
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TPETbUX KOHHOCHTPHUYCCKUX CJIOAX, OKaP'IMHﬂIOI]_II/IX BTOPBIC KOHHOCHTPHUYCCKHC CJIOU

P-371€MEHTOB.

IlepBas 3enéHas «BETBb» YETBEPTOrO YPOBHS LJIKM XMMHYECKUX 3JIEMEHTOB 3a4aéT TUII
octaibHbIX 14-Tu f-amementoB. B MonymenTe Bce f-anmeMeHTBl pacmonararorcs B
YeTBEPTOM KOHLEHTPUYECKOM CJI0€, OKAMMIIAIOLIEM TPETUM KOHLICHTPUUYECKUN CIION U3

d-s;meMeHTOB.

Cpasnaenue puryp 1 ¢ 2 u 3 ¢ 4 Ha puc. 21 moKa3pIBaeT COBMAJACHUE TUMU3AIUU TUCCK
TOHAMH CEPOM IIKAJIBI U sYeek ¢ uBeramu S, P, d, f 6;mokoB. [Tockonbky Cucremarusaius
U TUnu3anus sueek ¢ Homepamu 1-120 Ha ¢urypax 1 u 3 ToHamu cepoil mIKaabl ObUIH
NPOBEJICHbl HCKIIOUUTEIbHO MaTEeMaTU4YeCKH, TO U GUrypel 2 U 4 MpeAcCTaBISIIOT
MareMarnueckyro Cucremarn3aunr0 W TUINH3aUUMI0  XUMHYECKUX  DJIEMEHTOB.
MaremaTrueckasi TUIIU3AIlKsI COBMAACT C KBAHTOBO-MEXaHUUECKOM THmu3anueh S, p, d,

f Onokamu.

CoBnazieHue KBaHTOBO-MEXAaHWYECKOW THUMNHU3ALMM XUMHYECKUX DJIEMEHTOB U HUX
TUIA3aMA Ha OCHOBE 3aKOHOMEPHOCTEW paclpelesieHus HaTypajbHbIX YHCEN B
KBaJpaTax YETHBIX YHUCENl YAUBUTEIIBHO, TAKE MOPA3UTENbHO. Beap, uTo ke nosyyaercs?
HarypanbHble uuncna, 4Y€THbIE 4YHUCIA, HEYETHBIE YHCIA M3BECTHBI YEJIOBEYECTBY
TBICSTYENIETHS. DTO TOJBKO uejoBeuecTBy. B mpupone, Bo BeenenHoit onn Becerna ObUIH.
XUMHUYECKHE K€ DJIEMEHThl Hadaiau OTKphiBaTh jumib B XYl Bexke. A uucma yxe

(GHaJIN» O I-IeTInI];)éX THIIaX XUMHUYCCKHUX 3JICMCHTOB.

10. 4-YpoBueBas [{uagnas Tadauua XuMHYeCKUX 3J1€eMEHTOB

Sueiikn Ha puc. 19 mocnemoBaTeNnbHBI, HO C OOJBIIUM KOJIHYECTBOM «(ITYCTOT» MEXKIY
Monagamun u [uagamu. VYIuloTHeHHWEM (QUTYpPBI, T.€. COKpAIICHHEM KOJIHMYeCTBa

«mycToT» Mexay Monagamu u [Quanmamu, nanee, pacHIMpPEeHUEM KBaJIpPaTUKOB 0
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MPSAMOYTOJBHUKOB  JUIA  BO3MOKHOCTM  pasMEUIEHHWs B HUX  JIONOJHUTEIbHOU
uHpopmauu (aTOMHBIE MAcChl, JJIEKTPOHHYIO CTPYKTYpY, YHUCJIAa HYKJIOHOB, ...),
HaKOHEI], Pa3MEIICHUEM B PAMKHA C HOMEpaMH YpOBHEW M ['pynm, MOXHO IOJYyYHUTh

4-YposHeByto [uannyto TaOnuiy XuMUYECKUX 3JIEMEHTOB:

ST wOoN«

[

Puc. 22. 4-YposueBas nagnas Tabnuia XuMHUYECKUX SJIEMEHTOB.

HaBepxy TaOmuiibl TMOMEIIEHBI TPU CHUMMETPUYHBIE TOJOCH C HOMEpaMH TPYII B
sueiikax S-, p-, d-, f-paciBeTok, B TOYHOCTH COOTBETCTBYIOIIUE I[BETAM SUYCCK B PsIaxX
atux 3neMeHToB. ['pymmm XXXII, HO cTonbmos Bcero 14. ¥V Ilepuoamueckoir TaOmuirsr
IUPAC XVIII rpynm u 18 cton6bmoB. Homepa rpynm B IBETHBIX sSUEHKaX TPEX MOJIOC B

TOYHOCTH YKa3bIBaIOT HA AJIEMEHTbI-aHAJIOrU 1Mo BceM crosnbuaM Tabmunel. CineBa cOOKy
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ykazaHbl HoMepa YpoBHew ([Quan). Mx Tonbko 4. Kaxnpiii YpoBeHb COCTOUT U3 JIBYX
KOJIMYECTBEHHO paBHBIX noJdoBUH. Onu B Ilepumonmueckoit Tabmune [IUPAC
npenacrasisatoTes [lepuogamu. Bee anemenTsl pacnonaratorcss B onHod Tabmuue 06e3
BHYTPEHHMX ITYCThIX siueek, Toraa kak B Tabmuue |UPAC 36 BHYTpeHHUX MYCTHIX sUEEK
HaBEpPXY OCHOBHOW TaOJMIIbl, a JAHTAHOWUJbI M AKTUHOUIBl BBIHECEHBI B OTIEJbHBIC
JOTOJMHUTENbHbIE ~ TaONMIBl.  DTO  OCHOBaTeJIbHbIE  HApYUIEHUS  MPUHLHUIA
HEIMPEPBIBHOCTU-IEOCTHOCTH B IOCJHENOBATEIBHOCTH  XUMHUYECKUX  DIIEMEHTOB,
3asioxkeHHoro /.M. MeHneneeBbIM B KayecTBE INIABHOTO mNpuHUMna CucreMaTu3anuu

XUMHUYCCKHNX JJICMCHTOB.

11. 4-YpoBHeBas /InanHo-okraBHas Tabdauna XuMu4ecKux 3J1eMeHTOB

Hecmotps Ha TO, uto IUPAC ¢ 1989 1. pexomennyer mmuaHOomepuoanyr XVIII
rpynnoByto  Tabnuily XMMHMYECKMX DJJIEMEHTOB, TMOJaBisioniee  OOJBIIMHCTBO
00pa30BaHHBIX JIOJAEH M CIHEIUATHCTOB «COXPAHSIOT BEPHOCTHY» KOPOTKOIEPUOIHOU
okTaBHON Tabnuie xuMuueckux dJeMeHToB. OHa Ha camoMm Jene yaoOHee s
00pa3oBaTeILHOTO, HAYYHOTO M MPAKTHUUYECKOTO IOIb30BaHUsA. B yueOHOHN, HAydHOU H
TEXHUYECKOW JINTEpaType AABHO YTBEPIAWIINCH U YKOPEHUJIUCh TEPMHHBI: COEIUHEHUS
A'BY' | AMBY | ..., ngoiinbie cucremst A" — BY', A" — BY, ..., koTOpbIe BO3HUKIH B

MIEPHUO/T ITUPOKOTO MOJIH30BAaHUS KOPOTKOTIEPUOAHOM OKkTaBHOU Tabnuiet Menneneena.

[TepecranoBkamu stueek d u f amemenToB Ha puc. 22 6e3 HapyIICHUS UX HEMPEPHIBHOU
MOCJICIOBATEILHOCTH B psilaX MOXKHO MONY4YuTh 4-YpoBHEBYI JlMaTHO-OKTaBHYIO
Tabnuiy xumudeckux siemeHToB (puc. 23). Ilomydaercs JOBOJBHO MHOTO TYCTHIX
suyeek. Ho Bce OHM BHENMIHWE MO OTHOIIEHUIO K psAlaM C SYCWKaMU XUMHUYECKUX
AJIEMEHTOB H HE HapYyMAT TPUHININA HENPEePHIBHOCTH-IICIIOCTHOCTHOCTH. B

kopoTkonepuoaHoil xe Tadnuue Menaeneea u B XVIII-tu rpynnosoit [lepuoauueckoit
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Tabmume IUPAC nycTeie s4eiiku BHYTPEHHHE M OHHM HApyIIalOT [PHUHIIUII

HCTIPCPBLIBHOCTHU B3JICMCHTHBIX ITOCJICA0BATCIIbHOCTAX.

Hagepxy TaOauipl nomenieHa S-psjiHas cxema IMOCJIEI0BAaTEIbHOCTH HOMEPOB TIPYIII B
s4yeikax pacuBetok S, p, d, f OJIOKOB XMMHUYECKUX IIEMEHTOB. DTH HOMEpa OTHOCSTCS
TOJIBKO K COOTBETCTBYIOIIMM IIBETaM SYEEK XUMHYECKUX DJIEMEHTOB, HAmpHUMeEp, K
KpacHbIM TpymmaM | u |l oTHOCATCS TONBKO XUMHUYECKHE DJIEMEHTHI B KPACHBIX sSYeWKax
CBepXy BHM3, a K 3en€HbpIM rpynnam XIX - XXXI| uMeroT oTHOILIEHHE M0 BEPTUKAIAM
TOJIBKO COOTBETCTBYIOIIME JIAHTAHOWABl W aKTUHOMIBL. Menp ¢ OJaropoJHbBIMU
MeTtauiaMu U rpynna [{uHka okazanuch B ogHux cronbuax c¢ rpynmnamu | u I, yto emgé
Oomnbiie cOmmkaer oty Tabmumy c koportkomepuonnou VIlI-rpynmoBoit TaGmurei

Menpemneena.

m 1y Y Yi yn yi

SIMWOYL

=Y

Nh l Fl Mc Lv Ts Og

113 114 115 116 117 118

Puc. 23. 4-YposueBas [luagHo-oktaBHas Tabnuiia XUMHYIECKUX SJIEMEHTOB.
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12. 4-YpoBHeBass MoHnyMeHTa/IbHasi OKTaBHAas Tadjnua XuMHYeCKHX JIEMEHTOB

MOHYMEHT € pACIIMPEHHBIMM SYEHKaMU B paMKax C HOMepaMu YpoBHeH u ['pynn
npeacTaBisier 4-YpoBHEBYO MOHYMEHTadbHYI0 OKTaBHyr Tabnuily XUMHYECKHX

DJIEMCHTOB:

|
—

T =
86
...
113 119 120 118
P
114 115 116 1 117 |

Puc. 24. 4-YposueBass MoHyMeHTaIbHas OKTaBHasA Tabaua XUMUYECKUX SJIEMEHTOB.
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BeiBoanl o Yactu |

1. JlenykTuBHOE MaTeMaTU4eCcKOe (apu(pMeTHUECKOe) pacupeaereHe HaTypalbHbIX
yucen B KBazgparax mepBbIX YETBHIPEX UYETHBIX 4YMCEN NPUBEN K uX [lnagHomy, B
4aCTHOCTH, K 4-YpoBHeBoMy JlnagHoMy pacnpeneneHuro nepBbix 120
HAaTypaJIbHBIX 4uced. KonM4ecTBO  YHMCEI-HOMEPOB B MaTEMAaTUYECKOU
(apudmernueckoit) mporpeccun yBeauuuBaetcs oT Juaaet k uage. ITOT
JNENYKTUBHBIM YMCIOBOW 3aKOH pacrpeaesieHus B IPUMEHEHUN K 118 MHIYKTUBHO
(3KCIIEpUMEHTAJIBHO) BBISIBICHHBIM B TEUYEHHE 2 BEKOB XMMUYECKHM 3JIEMEHTaM
ABJISIETCS ~ BBIPAXKEHMEM  MATEMaTUYECKOM TEOpMHM  3aKOHA  IOPSAKOBOIO

pacnpcaciicHua XUMHUYCCKUX 3JICMCHTOB BO BCEM MX MHOKECTBE.

2. 3akoH BeIpaxkaeTcs oOmei popmMynoii:

N = 43(2n -1)

B YHUCIIOBBIX pasnokeHussX (5) u (6) mas MOJHOrO KOJUYECTBA HOMEPOB U HX

nocJieoBaTesibHOM HyMepanuei Ha puc. 10-13 npu n =1, 2, 3, 4.

3. Copeprkammiicss B KBajipaTax 4€THBIX YHCEI 3aKOH MOPSAIKOBOTO pAaCIpEaCICHUS
HATYpAJIBHBIX YHCEJI M WX THUIU3AUHUS COOTBETCTBYET JKCIEPUMEHTAJIbHOMY
MOPSAAKOBOMY pacnpeneseHUuo XUMHYECKHUX DJIIEMEHTOB u ux

KBaHTOBOMEXaHUYECKOW TUITU3ALIHH.
4. 3aKOH BOIUIOIIAETCS B  CUMMETPUYHBIX  HEMPEPBIBHO-LIEIIOCTHBIX  JABYX

4-YposHeBbix Jlmamueix Tabmumax (puc.22, puc. 23) u3z Yposuei-uax wu

4-YposHeBoit MonymenTtansHoi Tabmune (pur. 24) uz Yposuei-Kaapatos.
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Ha strom 3aBepmaercs UACTD |. Dta yacTh BHOJHE OOCTYNHA JUIsl MOHUMAaHUSA M
OCBOCHUs ydamumucs (5-9)-X KJIacCcoB CpPeTHUX YYCOHBIX 3aBEICHHN , KPOME MOHSTHIM
KBAaHTOBO-MEXaHWYECKOro NpoucxoxacHus. Ho mx B Tekcre  Mano, BAABaTbCs B
rIIyOMHBI U B CYTh HE CIEAYyeT, a MPOCTO HPHUHATH MOJpa3JeieHUEe BCEX XUMHUYECKUX
9JICMEHTOB Ha 4 BHJa WK Ooka: S, P, d, f B pasHbBIX paciBeTKax.

VYyamumces ke MocieIHuX JieT Yy4€Obl B CPEHUX YUEOHBIX 3aBEJICHUAX OYJEeT BIOJIHE

noctynHa ais ocsoenus u cienyroiias YACTD |I.

YACTDBb Il Cucrema ecrecTBeHHBIX 3JIeMeHTOB BcesieHHOM

BBenenue B yacth ||

[TIpobnema rpanuly CuCTEeMbl XUMUYECKHX DJIEMEHTOB CTOUT YK€ 0oJiee Beka. Y aBTopa
[lepronuueckoro 3akoHa pachpefesieHusl XUMHYECKHUX DJIEMEHTOB ObUIM  JBa
JIOBOJIOPOAHBIX ieMeHTa (puc.l) — HyneBoit Hertotonuii (3¢pup) u Koponwuit. Ilpenenom
[lepuonuueckoit TaOmuIpl XUMUYECKUX DJIEMEHTOB OH cuutan Homep 118. Ho ¢
cepeauHbl XX BeKa Hayald LUPKYJIUPOBATh MPOTHO3bI HA XUMHUYECKUE BJIEMEHTHI C
HOoMepamu 1 Oosee 118 B, Tak Ha3bIBAEMBIX, «OCTPOBAX CTAOMIBHOCTHY. DTU MPOTHO3BI
OCHOBBIBAJIUCh HAa O0O0JOYEHYHOW MOJEIH SIep C MArMueCKMMH YHCJIaMH HYKJIOHOB,
00JagaroNMX MOBBIIMIEHHOW YCTOWYMBOCTHIO K 3aXBaTy HOBBIX HYKIIOHOB, SIIEP WU K
pacrialy Ha Jpyrue siipa W HYKJIOHblL. [loka HUM OJZHOrO XMMHUYECKOTO 3JIEMEHTa W3
«OCTPOBOB CTaOMIBHOCTH» 3a 118 sjaemeHTOM HE OOHAPYKEHO W HE CUHTE3MPOBAHO.
Tem He MeHee, BEpOSTHOCTh 00Opa30BaHUS XMMHUYECKUX AJIEMEHTOB ¢ HOMepamu Oolee
118 cymectByet. Bonpoc TOABKO BO BPEMEHM CYIIECTBOBAHUS TAKUX AJIEMEHTOB. Belip,
CYILIECTBOBATh JIOJKHBI XOTSI ObI HA BpeMs IPOTEKAHUSI XUMUYECKON PEaKIUu ¢ IPyTUMHU
aTOMaMU XUMHYECKHUX OJJIEMEHTOB. XUMHUYECKUMHU DJIEMEHTAMU [0 ONPEIEICHUIO

MMPU3HAKOTCA TOJIBKO TAKHUC 3JICMCHTBI, KOTOPBLIC BCTYIIAIOT B XMMHUYCCKUC PCAKIHH. A
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€CIM CYIIECTBYIOT MEHBIIE BpPEMEHHU, JOCTATOYHOIO JUII AaKTa XUMHYECKOTO
B3auMoieicTBU? Eciu CylecTByIOT, TO BCE K€ 3JIEMEHThI, HO HE XUMUYECKue, a foiee
oOmel Kareropuud. OTYy KaTerOpUi0 JIIEMEHTOB MOXHO Ha3blBaTh €CTECTBEHHBIMU
anemMeHTamMu BceneHHoil. K HUM MOryT OTHOCUTBCS, HanmpuMmep, HEUTPOHBI. Benb, BO
Bcenennou peanbHO CyIECTBYOT HEUTPOHHBIE 3BE3/IBI.

XHAMHUYECKHE DJIEMEHTBI, OYEBUIHO, TOXKE OTHOCATCS K €CTECTBEHHBIM >JIEMEHTaM
BcenenHoi, 1 ©X MOXKHO pacCMaTpUBaTh KAK MOJMHOXKECTBO MHOKECTBA €CTECTBEHHBIX
anemMeHToB BcenenHoil. Pa3nen mocBAméH paccMoTpeHuto CHCTEMBI €CTECTBEHHBIX
AJIEMEHTOB BceneHHOM, BKIIOYAOIIE paCCMOTPEHHYIO B Ipeablaylleil yactu Cucremy

XUMHUYCCKHNX JJICMCHTOB.

O0masi Teopusi CHENUAIBLHOIO pacipeeieHHs HATYPaJabHBIX YHCes

Pacnpenenenne HarypanpHbix uucen no Jlmanmam um KBagpataM, HCIOIB30BaHHOE B
Yacru | kak maremMaThyeckuil ammapar CHCTEMAaTU3alMd W TUMHU3ALUU XUMUYECKHX
AJIEMEHTOB, MO CYIIECTBY SBWJIOCH CIIEIUAIBHBIM PACIIPEICTICHUEM HATYPAIbHBIX YHCEN.
OHo OBUTO MCIIOJIK30BAHO B OTpaHMYCHHOM MHTepBaje N = 1, 2, 3, 4. D10 cnenuaibHOe
pacnpeneneHue B WHTEpBajie |1 — 4 HeNpepblBHO M LIEJIOCTHO OXBaTwio Bce 118
U3BECTHBIX XUMHUYECKUX 3JIEMEHTOB 0T Bogopozna (Homep 1) no Oranecona (Homep 118).
Kpome atoro, crnenuanbHOe pacupeesieHre HaTypallbHbIX YHCEN CHPOTrHO3UPOBAIIO JBA
MOKa HE OTKPBITBIX XUMHUYECKUX 3JieMeHTa ¢ HoMepamu 119 m 120. Xumuueckue
AJIIEMEHTHI SBJISIOTCS €CTECTBEHHBIMU 3NieMeHTamMu Bceenennoit. HebecHrle Tena cocTosT
13 XUMUYECKUX 351eMeHTOB. Ho BO BcenleHHOM €CTh 1 Ipyrue €CTECTBEHHBIE 3JIEMEHTHI.
XHUMHUYECKUE JIEMEHThI COCTABIIAIOT JIUIIb MOJMHOXKECTBO 00JIe€ MOIIHOIO MHO>XECTBa

€CTECTBCHHBIX JJIEMEHTOB BcenmeHnou. I pacnpoCTpaHEHHs  CHEUUAIBHOTO
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pacupeacsiCHusA HATypaJlbHbIX YHCCII Ha MHOXCECTBO CCTCCTBCHHLIX JJICMCHTOB

pa3BHUBaeTCs 001as TEOPHsl CIELHMATIBHOTO paclpeeieHUs] HaTypaJbHbIX YHCEIT.

1. 3akoHOMepHOCTH pacnpe/e/ieHUs] PACHIUPEHHOI0 HATYPAJIbHOIO PAJA YHuces

B Poccuiickoil Tpaauuuu UCTIONb3yeTCsl HaTypalbHbIi psg uucen Nr=1,2,3, ..., 0. B
3anagHbIX 1 BO MHOTHX JPYTMX CTPAHAX MCIOJb3YIOT PACIIMPEHHBIA HATYPAJIbHBIA P,

HaunHaromwmiics ¢ 0: Nw=20,1,2,3, ..., .

CylLecTBYIOT [Ba NoAXo[a K onpeaerneHnio HaTypanbHbIX Yncert:

e HaTyparbHble YMcra — 4ucna, BO3HMKaroWwme npu nodcyéme (Hymepayuu) npegmeToB
(nepsnbiti, emopod, mpemud, 4yemeépmabid, Nmbid...); (nR)
e  HaTypanbHble Y/cna — 4Y1cra, Bo3HuUKatowme npu obo3HaveHuu Konudecmsa npeametos (0 npedmemos, 1 npedmem, 2

npedmema, 3 npedmema, 4 npedmema, 5 npedmemos...). (nw) (HaTtypanbHoe yucno — Bukuneaus)

WNHbIMU cioBaMu psijl, HAUMHAIOIIMICA C 1, HCTIONIB3YyeTCsl Kak MOPSAKOBBINA Psi, a
pan, HaunHaronmics ¢ 0, Kak KoJu4ecTBeHHbI psaa. [loueMy xe mopsiiok
TeneoHHBIX HOMepoB B Poccun Haunnaetcs ¢ 0 (02, 03)? 3xeck Gobiiie
ompaBaaHus, yeM omnpezaeneHus. Ho camoe BakHOe U TJIaBHOE 371eCh TO, 4TO Ny,
MyCTh U YPE3aHO, HO NMPHU3HAETCS U YaCTUUHO puHUMaeTcs B Poccun (aBT.).

Ot pAObI CBA3aHbl COOTHOIICHHUCM

Nw =0, Ny (8)
KBanpar moboro N uz3nr=1,2,3,...,0 paBeH CyMMe HEUETHBIX YHUCEII:
n?=3x(2n-1) 9)

C yuérom (9) kagpar uétHbIX uncen (2n)2 npun=1,2,3,4,5u3 Nr=1,2,3, ..., «:
(2n)? = 2(2n%) = 2[2X(2n-1)] =

= 2[2(1), 2(1+3), 2(1+3+5), 2(1+3+5+7), 2(1+3+5+7+9)] =
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= 2[2(1), 2(4), 2(9), 2(16), 2(25)]= 2(2, 8, 18, 32, 50) (10)

[lomyuynnuce 4YuCIOBBIE CABOGHHOCTH — Jluansl w3 map qUCcIOBBIX MoHajg

2, 8,18, 32, 50.

Jlns kBagpatoB uéTHBIX umcen (2n)? mo dopmyne (8), ¢ yuérom (10) m mpaBumma «oT

MEPEMCHBI MCCT CJIaracMbIX CyMMa HC U3MCHSCTCS» UMCCM:

(2n)? = 02, 2[2(1), 2(3+1), 2(5+3+1), 2(7+5+3+1), 2(9+7+5+3+1)] (11)
JIro6oe uucno (0 — yucino B Nw), ymMHO)keHHOEe Ha 0, paBHO HYJI0. OTO MPaBUIIO B
npumenennn k0% 1aér: 02 = 0x0 = 0 = 2x(2x0) = 2(0) = 2[(0)].

Torma 2(0) MoxHO BBeCTH B CKOOKH [] popmysiet (11) Hy/IeBBIM YICHOM:
(2n)2 = 2[(0), 2(1), 2(3+1), 2(5+3+1), 2(7+5+3+1), 2(9+7+5+3+1)] (12)
[Ipoussens cymmupoBanue B (12) momyunm:
(2n)? = 2[0, 2, 8, 18, 32, 50] (13)
[Tonyunnuck uncioBsie caBoeHHOCTH — {uansl u3 Monan: 0, 2, 8, 18, 32, 50.

[Mpocymmupyem Bce duanbl (13) ¢ yuérom (9), (12) u npaBuia: «OT MEPECTAHOBKH MECT

ClIaraCMbIX CyMMa HC U3MCHACTCA».

>2(2n?) = 2323(2n —1) = 2{0 +2[(1) + (1+3) + (1+3+5) + (1+3+5+7) + (1+3+5+7+9)]} =
= 2x0+2(2)+2(2+6)+2(2+6+10)+2(2+6+10+14)+2(2+6+10+14+18) = 2x0+2(2)+2(6+2)
+2(10+6+2) +2(14+10+6+2)+2(18+14+10+6+2)

[TonydeHHBINH pe3yynbTaT MPEACTABISACT MOTHOE KondecTBO Kp uncen B mectu uamax
n3 map (2 mnepen ckoOkamu) MoHaJ, KOTOpbIE COCTOAT MOCIEIOBATEIbHO W3

0,1, 2, 3,4, 5 cnaraembix (B ckoOkax). B cymMe oHU COCTaBIISIOT:

Kp = 2X0 + 2(2) + 2(6+2) + 2(10+6+2) + 2(14+10+6+2) + 2(18+14+10+6+2) = 220 (14)
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C yuérom (10) popmyny (11) MmoxkHO 3amucaTh Kak MOCIEI0BATEILHOCTh KonuecTBa Ky

HomepoB N B Monaznax nocnenoBarensHoctd N =0; 1; 2; 3; 4; 5 uan:
Kn =2(2n%)=2%2(2n -1)=2[0, 2(1), 2(3+1), 2(5+3+1), 2(7+5+3+1), 2(9+7+5+3+1)] (15)

[MpousBenss cyMMHpOBaHUE M pacKpbiTHe CKOOOK B mpaBoir 4actu ¢opmynsl (15),

noyuuM pacrpenenenue konudectBa Ky HomepoB N B N =0; 1; 2; 3; 4; 5 [uanax:

Huansei, N 0 1 2 3 4 5

Kn 0 2 2 |8 8 |18 18 32 32 | 50 50

OTO MMEHHO KOJIMYECTBA HOMEPOB, KOTOpbIE HE 005A3aTEIbHO JOJIKHBI CIEAOBAThH IO
onpenenéHHOMY HapacTaroleMy nopsaky. Homepa ke AOKHBI MOCIENI0BATENbHO
Hapactatb. Homepa N, B ornuumne or Ky mo ¢opmyne (15), momxHBI BhICTpauBaThCs

nocyenoBaresibHO B MoHaAax 0-5 Jluax mo nmogo6HOIM ke mpocToit hopmyrie:
N =2%2(2n-1), (16)

VYnopsanouenHoe HoMepHoe pacnpenenenue B Monagax n = 0, 1, 2, 3, 4, 5, ... [uan
rpaduyecku Boruiomaercs B 33-psiHblii HA0OpP KBaApaTUKOB-sueek KommdecTB Ky s
HoMmepoB N o dopmynam (15) u (16) c mocnegHuM psiAOM Uit N = *es, 0003HAYAIOITUM

OCJICI0OBATEIIBHOE MPOIOIDKEHHE N 10 N = oo (Puc. 25).
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Puc. 25. 33-x psannas Tabmuma 0-220 kBagpaTukoB-sueek 11 Kp B psaax Monan 6-tu
Junan-YpoBHen u psaa st MoHaT * uaa-YpoBHEH eee .

HyneBbie psabl cOCTOAT M3 OJHOM siueiky Kaxabld. Pansl 1, 2, 4, 6, 9, 12, 16, 20, 25, 30
COCTOSIT M3 JABYX sueek, psanbl 3, 5, 8, 11, 15, 19, 24, 29 — u3 mectu sveexk, psiast 7, 10,
14, 18, 23, 28 — u3 necsatu siueek, psaael 13, 17, 22, 27 — u3 yeThIpHAAATH sTYeeK. Psibi
21, 26 — u3 BoceMHAaIaTH s4eek. B 1memom gopma TaOmuIel ¢ SYCiHikaMu HAallOMHHACT
BETBUCTYI0 Enky. Sueliku C HynsMH BBITJISJIAT BEpXYIIEUHOH BETBHIO EHikm.

I[BYXT)H‘-IGG‘-IHBIC PAABI BBITVIAOAT CTBOJIOM Enkn. OcranbHbie PAAbl AYCCK HAIIOMHUHAIOT
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OOKOBBIE BETBH EJ'IKI/I O‘-ICBI/II[HO, CTBOJI OTJIMYACTCS OT BETBCH. BerYH_Ie‘-IHaH BCTBb

otnu4aeTcs oT 00koBbIX BeTBeit. M GokoBbie BeTBH YpoBHEH N = 2; 3; 4; 5 oTyiMyaroTcs

apyr ot apyra. Takum oGpasom, Enka cocraBieHa W3 BepXylE€YHON BETBH, CTBONA M

YEThIPEX PA3HOBUIHOCTEM OOKOBBIX BETBEW. DTH pa3auyusi OTpa3suM TOHAMU CEpoOM

mikael (gray scale) ma puc. 26.
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Puc. 26. Enka siueex B pa3nmu4HBIX TOHAX CEPOM IIKAJIBI.

BerYHIe‘-IHaSI BCTBb, OOKOBBIC BETBU M CTBOJI Ejku npcaAcCTaBJICHbI IIOCICAOBATCIIBHO

YCHIIMBAIOMIMMHCA TOHAMUA CCpOﬁ HIKaJIbI.

[IponymepyemM B HapacTarolled MNOCIEA0BATEIbHOCTA KBAJIPATUKU-TYECUKH CJIEBA

HampaBO C MEPEXOJOM K HKenexamum psgam  llogypoBHen
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VYposueii-Jluan n = 0, 1, 2, 3, 4, 5, **» U npeacTaBum EJIKy OTJIIeNIbHO, 0€3 paMoK ¢

HOMEpaMH U 0003HaueHUsIMU Y poBHel u [loxypoBHeil.

lsg]w a1 [ a2 | 43| aa| a5 [ a6 47Iu|

|s1|susssnmszssusssss1ues|7u!

¢
2
2
8
8

94 | 95 [ 96 [ 97 [ 98 [ 99 mm|m|

103 | 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 | 112

113 | 114 | 115 | 116 | 117 | 118

139 | 140 | 141 | 142 | 143 | 144 | 145 | 146 | 147 | 148 | 149 | 150 | 151 | 152

153 | 154 | 155 | 156 | 157 | 158 | 159 | 160 | 161 | 162

163 | 164 | 165 | 166 | 167 | 168

189 | 190 | 191 | 192 | 193 | 194 | 195 | 196 | 197 | 198 | 199 | 200 | 201 | 202

203 | 204 | 205 | 206 | 207 | 208 | 209 | 210 | 211 | 212

213 | 214 | 215 | 216 | 217 | 218

Puc. 27. Enka ¢ mocnenoBaTeIbHO HapacTAIOIUMU HOMEpaMH B KBaIpaTHKaX-sT9eHKax

Pa3JINYHbIX THUIIOB BETBEH U CTBOJIA.

OTnuuus sYeeK BEPXYIICUHON BETBU OT SIYEEK JPYTUX TUIIOB OOKOBBIX BETBEH U CTBOJIA

Enxn BBIPAKCHBI I10CJICAOBATCIIBHO YCHIIMBAIOIMUMHACA TOHAMHA CGpOﬁ HIKaJIbI.

2. Jipyrue ¢popmbl Eaxn

Ha puc. 27 Jlnaasr BeIpakeHsl He 4€TKO. Ilepeiiném k Ooiiee BeIpakeHHOU (hopme. DTO

MOXHO CJeJaTh MepeBOpayMBaHUEM MEPBBIX (BEpXHMX) MoHaa, HaAuMHAs C TPETbeH
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ceepxy [uamer (Jduagst ¢ nHomepom 2). Ha puc. 28 mpencraBieHsl pe3yabTaThl
nepeBopaunBanuil B J{nanax. Ilepexoa k ocHOBHOU (opMe OCyIIECTBIAETCS OOpaTHBIM

nepesopaunBanueM. Ilepexon ot Enxu x Enke 1 o6paTuMsiii.

5 6 7 8 9 10

13 | 14 15 | 16 17 | 18

%
&
i3
4
=
&
g
g
q
g
&
=
g
2
5
2

163 | 164 | 165 | 166 | 167 | 168

213 | 214 | 215 | 216 | 217 | 218

Enka > Enka 1

Puc. 28. O6paTuMblii iepexo 1 OT OCHOBHO# (popmbl Enku x popme Enka 1.

Bugno, uyro /lmagel ¢ mnepeBEPHYTHIMM BEPXHMMH MOHAJaMHM TIOpa3ao 4E€T4e

BBIJICIIAIOTCS, YeM B OCHOBHO# (hopme Emkw.

[lepeBopaunBanrieM  BTOpbIX (HMXKHUX) MoHan Jluag MOXKHO MOJIYYUTHh APYTYIO

dopmy — Enxy 2.
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Iz:lzz l—ulu 23|24 | 25| 26| 27 | 28| 29 | 30

I!!l‘ﬂ a1 | a2 43 | 4a | as a6 | a7 a8

49 | 50 51 52 53 | 54 49 | s0 51 52 53 | 54
39 | 40 a1 | a2 44 | a6 | a7 48
El ¢ ™
= n| 72 3 74 |75 | 76 | 77 | 78 | 79 80 - n|n 3 74 | 75 | 76 | 77 | 78 79 | 80

81 | 82 |83 84 | 85 | 86 81 | 82 |83 84 | 85 | 86

103 | 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 113 | 114 | 115 | 116 | 117 | 118
13 | 114 | 115 | 116 | 117 | 118 103 | 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 | 112
% i‘ ﬁ;‘l ;ﬁ; i ¥

153 | 154 | 155 | 156 | 157 | 158 | 159 | 160 | 161 | 162

163 | 164 | 165 | 166 | 167 | 168

203 | 204 | 205 | 206 | 207 | 208 | 209

213 | 214 | 215 | 216 | 217 | 218

Enka > Enka 2

Puc. 29. O6paTuMblii iepexo;; OT OCHOBHOI (opmbl Enka x ¢popme Enka 2.

U B 5TOM ctydae Tojydunach 6onee penbedHas Gpopma, ueM ocHoBHas Gopma Enxu.

3. «BosHoBoOe» MpeacTaBIeHUE Eaxu

[ToBepuém Enxy 1 Ha puc.28 B yMEHBIIEHHOM MaciiTa0e MPOTHB YaCOBOW CTPEIKU Ha

90°

B 'OPU30OHTAJIBHOC ITOJIOKCHHC!
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Puc. 30. I'opusoHTansHoe nosnoxkenue Enku 1.
Paznecém Bepxuue u HuxHUE nosioBuHku Juag n =0, 1, 2, 3, 4, 5 mo ropu3oHTaIbHON

OCH.

luln ERETRED
r-‘l. aje| s

Puc. 31. «Bonra» u3 nonosus Juag n=0, 1,2, 3, 4, 5 Enxu 1.

IIpn nepexone ot HyneBou uaael k mepBou Jluane aMIuIMTy1a yBEIWYMBAKOTCS B JIBa
paza. [locne nepBoii luanpl aMIuTyaa HapacTaeT Ha 2 sYEeKHU, a nepuo Ha 4 sTYeiiku ¢
Kaxaou mnocienywomen [uamon. Her ompenensromero npu3Haka MNEPUOTHUYECKUX
SBJIICHUW, TIPOIECCOB, (PYHKIHMI — MOCTOSHCTBA mepuoaa. Ho, MOCKOIBKY TEpHO,
HauWHas C MEPBOro MEPUOJAA, MOCIENOBATEIBHO HAPACTA€T HA MOCTOSIHHOE YMCIO, T.€.
mo apudMETUYECKOM TMPOTPECCHH, TO TaKyl «BOJHY» MOXXHO  Ha3bIBaTh

MIPOTrPECCUOHHO-TIEPUOANYECKOMN, NI KOPOTKO MPO-TIEPUOUUECKOM.
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4. OopaTumas cBépTka BeTBUCTOI EJIKM B IpeieibHO YIAKOBAHHYI0 (hopmy

Bce paccMOTpEHHBIE BETBHCTBIE LJIKM MMEIOT MHOTO IYCTHIX IIPOMEXKYTKOB MEXKIY
BeTBsMH. Ha npumepe Enku 2 MOXKHO OIEHUTh 3TH IPOMEXKYTKH OTHOLICHUEM
KOJIMYECTBA HE3aHATHIX SYEeK K OOLIEMYy YMCIy SYEEK MEXAy MEPBbIM PSAOM U3 6-TH

SYEEK U MOCJECAHUM PsioM u3 18 siueek Ha puc. 32:

Puc. 32. Enka 2 ¢ mpoMexyTKaMu MeKLy BETBIMM B KBaJpaTuKaX-sueiiKax.
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CneBa Ha puc. 32 o6o3HaueHsl HoMepa (N) Huan. Ilycteix sueek 160, 4To cocraBiser

6omee 42% ot oburero konuuecTna (376) siueex.

Mo:kHO cBEpHYTH EJKy 2 B IpeieNlbHO YIIaKoBaHHYIO (opMy, T.e. B hopMy 6e3 eauHoi
MyCcTOM sYeHKU. DTO MOXKHO CHeNlaTh IEePEeCTaHOBKAMU S4Y€eK C HOMEpamH, He
HapyLIaIoUMU MPABUIIO: «OT MEPECTAHOBKH MECT ClaraeMblX CyMMa HE U3MEHSETCS.
B Muane c n = 1 siyeitku ¢ Homepamu 1 — 4 yxe B IIIOTHO ynakoBaHHo# ¢opme KBanpata

u3 4-x KBaJAPAaTUKOB.

B /lnane 2 nepByro U MOCIEIHIOK sfYeKN ¢ HOMepaMu 5 U 10 mepemecTuM noj SYerKu ¢
HOMEpaMHU COOTBETCTBEHHO 6 M 9 BHM3, a KOHIIEBbIE f4€ilku ¢ HOMepamu 13 u 18
MIOMECTUM HaJ siYeKaMM ¢ HoMepamu cooTBeTCTBEHHO 14 u 17. Ilonyuaercs KBaapat u3
JBYX KOHIEHTpH4ecKux cyo€B. [logoOHBIE TiepemMenieHuss TPOBEAEM U BOKPYT

KBanparos 2x2 B [luanax 3, 4, 5.

B Jlnane 3 Ha oOpasoBaBmuiics Kagpat 4x4 mepeMecTuM TOCIIEIOBATEIBHO MO JIBE
KOHIICBBIC SYEHKH BEPXHEro W HIDKHEro psiaoB. [lomyuyuM KBaapaTHBIA ciiod 66,
KOHIICHTPUUYECKH oOXBaThiBaromuii ciol 4x4. OOpaszoBancs Ksaapar 6xX6 wu3
MIOCJIEIOBATEIIPHO KOHIIGHTPUUYECKUX KBAJAPATHBIX CIOEB 2%x2, 4x4, 6x6. [logoOHYO *Ke

omnepalnuio nmposeacm u B Juanax 4 u 5.

Jlanee B BepXHEM M HIKHeM psanax Juanpl 4 mocienoBaTeIbHBIMU MEPEMEIICHUSIMU
YETBHIPEX KOHIIEBBIX SYEEK IMOJYYHMM KBAJAPATHBIA CJIOMN 8X8, KOHIEHTPUUECKU

OXBaTBIBAIOIUH MPEIbIAYIIAN KBAIPATHBINA CIION 6X6.

ITonoOnyr e omepanmio mpoBeném u B Jwmame 5. Hakoner, mociemoBaTeabHO
nepemMenias KOHUEBbIE 4 AYEKH BEPXHETO U HMXKHETO pAnoB Juaael 5 Ha mpeaplaymmn
KBaJpaTHbIM cioll &x8, mnomyuuM kBaapaTHbid ciuor 10x10, KOHUIEHTpUYECKH
OXBAaTBHIBAKOIIMM MNpeablaylnid KBaapaTHell ciod &x8. llomyuaercs Ksamgpar wus

KOHIIEHTPUYECKUX CIOEB 2%2, 4%4, 6x6, 8x8, 10x10.
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B pe3ynbTaTe npoBeAEHHBIX NEPEMEIICHUI MOTYyYUM MPEAEIIBHO YIaKOBaHHYIO (hopMmy,

HaIlOMHAHAONTY10 MOHYMEHT:

Puc. 33. MoHyMEeHT 13 npeelbHO yakoBaHHOH (opmbl Enku 2. Ha puc. 32.
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5. «BoaHoBoe» npeacraBiaenne MoHymMeHTa

Juanel-YpoBHM MOHYMEHTa COCTOAT U3 BEPXHUX M HWKHUX [loaypoBHEN ¢ paBHbIMU
KOJINYECTBAMMU sIU€eK. BepTuKanbHast OCb CHMMETPUM TaK)KE AEIUT MOHYMEHT Ha
paBHBIE JIEBBIE U ITpaBble MoN0BUHBI KBaaparos. [loBepHéM MOHYMEHT B YMEHBIIEHHOM

MacmTabe MpPOTUB YacOBOM cTpeiaku Ha 90° B TOPU30HTAIBHOE MOJIOKEHUE:
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Puc. 34. T'opu3oHTanbHOE MOJI0)KEHNE MOHYMEHTA.

Paznecém BepxHue u HWkHHME NojoBuHbI Juazg 0, 1, 2, 3, 4, 5 mo TOpU30HTAIBLHOU OCH

CUMMCTpPHUHU B HCIIPCPBIBHYIO ITOCICAOBATCIIBHOCTD:

Puc. 35. IlocnenoBarenbsHOCTh TTONTOBUH Juan 0, 1, 2, 3, 4, 5.

[Tonyuunacb «BOJHOBas ITOCIEAOBATENBHOCTD MPAMOYTOJIBHBIX HUMITYJIbCOBY». I[lpu
repexoe OT HyJeBOM Jluabl K epBOM aMIUIMTYAa YBEJIMUMBACTCS B JBA pa3a, a MEpUOL
coxpansiercs. [Janee ot Juane! 1 k uage 5 amnnuTyna yBenuuuBaeTcs Ha |1 enuHuIly, a
MepUoJl YBEIMUMBAETCS Ha 2 enuHUIBL. HeT onpenensioniero npu3Haka nepuoIuiHOCTH
(sBeHmii, mporeccoB, (QYHKIMHA) — TOCTOSHCTBAa Tmiepuona. IloaToMy Takyto
MOCJIEIOBATENBHOCTDh HEJb351 HA3bIBATh MEPUOANYECKON. HO MOCKONBKY M aMIuuTyna u
«rrepuosi» OoT Jlmambl 1  HM3MEHSIOTCS Ha IOCTOSHHBIE YWCia 110 apupMEeTHYCCKOU
MIPOTPECCUH, TAKYIO 3aKOHOMEPHOCTh JJOTHYHO HA3bIBATh MPOTrPECCHOHHO-
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NEPUOINYECKOM, MIIM KOPOTKO — MPO-IEPHOJUUECKOM.

Takum o00pa3oM, OrpaHHMYEHHOE CHEIHAIbHOE PaCIpeAeieHHe HaTypalbHBIX YHCEN
3aKOHOMEPHO pacimmpsercs hi () HEOTPAHUYECHHOM 3aKOHOMEPHOCTH

IpO-TIEPHOAMYECKOTO PacIpeeTICHUs Yucesl 0ECKOHEYHOTO HaTypalbHOTO psia oT 0.

6. PacnpenesieHue HATYpaJIbHBIX YKCeJI N0 Pa30MeHUsIM MMOBEPXHOCTEH

KOHUEHTPUYECKUX cpep

TpéxmepHOoe MNPOCTPaHCTBO BCeleHHOM OJHOPOIHO, M30TPOMHO M E€IMHO BO BCEX
yroiKax TEeJECKONMMUEeCKON U MUKpOcKomudeckor mocsiraeMocTd. Cdephl B peaibHOM
TPEXMEPHOM TMPOCTPAHCTBE OMPEAEISAIOTCS TOJNbKO panuycamu. JloOwsie apyrue ux
reOMETPUUECKUE XapAKTEPUCTUKHU OMPEAENSAIOTCS UX paauycamu. Hanpumep, momaau
NoBepXHOCTeW chep  MponmopUUOHANBHBI  KBajapaTaM  paauycoB. OTHoleHHe
MOBEPXHOCTEM KOHILIEHTPUYECKUX chep paBHO KBaapaTy OTHOIICHHUS UX PaJUYyCOB M3
OJIHOTO IIEHTpA.

[IpencraBnsger uwHTEpec pacnpeneieHue pa3OMeHHs] MOBEPXHOCTEH KOHIIEHTPUUYECKHUX
chep «B eIMHUIIAX» HEKOTOPOU ATATIOHHOMN (CTaHIapTHOM) cephl.

Paccmorpum Geckoneunoe TpéxmepHoe IIpocTpaHcTBO. Y Takoro mpocTpaHCTBa HET
OTPENICIEHHOTO IIEHTPA, MOCKOJBKY ¢ JI000H TOUKH OHO OeckOoHeuHO. Bo3pMéEM m100yI0
touky IIpoctpanctBa. C 3T0il TOukM cdopmupyem HEKOTOpyro chepy pamumyca R ¢

IIOBCPXHOCTBIO:

S = 47R? (17)

[lepenumem (17) B To)k1€CTBEHHOM (hopMme:

S = 2(2nR?), (18)
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KOTOpasi OTPa)kaeT JUIIb TO OOCTOATEILCTBO, YTO c(hepa COCTaBIEHA U3 IBYX PaBHBIX
noinychep, pa3ieNEéHHbIX JKBATOPHAIBHOW OKPYKHOCThIO. 3adukcupyeM  (akt
CYLIECTBOBAHHUS HEKOTOPOH ATalOHHOM (cTaHAapTHOM) mnonaycdepsl paguyca R
HOPMHUPOBKOM €€ Ha €AUHULLY:

2nRq2=1 (19)

PazmMepHOCTH 1 MOKET OBITh MPOU3BOJIBEHOM, MyCTh, OyaeT Gpemromerp (pm) — 1072° M.

Torna Rse= 1NQ2n1) ¢m (20)

Ha camom gene pa3mMepHOCTh 3/1eCh HE Ba)xHa, U Rst MOXKET ObITh OTHOCUTENIBbHBIM, T.€.

«oe3pazmepHbiMy. [Ipumem BennunHy Rst ATanmoHHOM, CTaHIapTHOM.

W3 mpou3BoNIbHON TOUKH OECKOHEYHOTO MPOCTPAHCTBA CHOPMUPYEM KOHIIEHTPUUECKUE
cdepsl, MOCIeA0BATEIFHO OKAWMIISIONIME TPEIBIIYIINe, HauUuHAsA C TIEPBOU cephl, U
cocrosiue u3 nap noiychep. B ypaBHEeHUAX JEBYIO U MPaBYIO YaCTH MOXHO YMHOXKAaTh
Ha MPOU3BOJILHOE YMCIIO, coXpaHsis paBeHCTBO. [lepByio chepy chopmupyem paguycom

B IIPOU3BE/ICHUE 0V2 mHa Ry !

0x\2 Rg = 0xV2 [1/N(27)] (21)

Bropyro cdepy, KOHIEHTpHUECKH OKalmIIsionlyro mnepByio chepy (21), chopmupyem

pamuycoM B mpousBeneHue 1x\2 Ha Ry:

1xV2 Ry = 1xV2 [1A(2n)] (22)

Tperpto cdepy, KOHIICHTPUYECKHA OKANMIISIONIYyI0 BTOpYIO cdepy (22), chopmupyem

pazrycoM B mpomsBeeHne 2xV2 Ha Ry
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2x\2 Ry = 2xV2 [1NQ2n)] (23)

YeTBépTyto chepy, KOHIIECHTPUUECKH OKaUMIISIONIYIO0 TpeThbio cepy (23), chopmupyem

pajIycoM B mpom3BeaeHne 3XV2 Ha Ry

3x\2 Ry = 3xV2 [1N(27)] (24)

[IsaTyto cdepy, KOHUEHTPUUECKH OKAMMIIAIONIYI0 4eTBEPTYIO cdepy (24), chopmupyem

pajmycoM B mpomsBeneHne 4x\2 ua Ry

4x\2 Ry = 4x\2 [1N(27)] (25)
[Mlectyro cdepy, KOHIEHTPUUYECKH OKAMMIIMIOMYI MaTyr0 cdepy (25), chopmupyem

pazycoM B mpomsBeaenne 5xV2 na Rg:

5xV2 Ryt = 5xV2 [1/N(27)] (26)

Takum 00pa3oM, KOHIEHTpUYECKHE Cc(]epbl cocToAT U3 map mnoiycdhep paguycoB

(21) — (26). CootHomrenue (18) st momy4eHHBIX chep MOKHO MEPENHUCaTh KaK:

Sn=2[2n (V2 Rst)?], (25)

rne n = 0,1, 2, 3, 4, 5. Kone4yHo, N MOXeT OBITH OOJBIIE 5, HO 37I€Ch OTPAaHUYUMCS Ha
ATOM YHCIIe HaTypaiabHoro psiga n =0, 1, 2, 3,4, 5, ..., «.

Bunno, 9To pagunychl 4eThIpEX KOHIIEHTPUYECKUX cdep (25) COCTaBISIOT Psij] YUCEI:

0x2; 1N2; 2V2; 3v2; 442, 542 (26)
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KpaTHBIX CTaHAapTHOMY paauycy Rst. [loBepxHOCTH cdep cOCTaBIsIOT COOTBETCTBEHHO:
0; 4; 16; 36; 64; 100 paBHBIX NOBEPXHOCTEHN CTaHAAPTHOMN Monycdepsl, T.€. CTaHAApTHAs
chepa pazneneHa Ha JABE Moiychepbl, U IIECTb KOHIEHTPUYECKUX CQEp pa3iesieHb
cootBeTcTBeHHO Ha: 0, 4, 16, 36, 64, 100 ctangapTHbIX TIOSTYChED.

[Tonyunnoce KBagpaTHoe pacnpeaeseHne HaTYypaIbHbIX YHCEI.

Kaxnpiii unen psga gucen: 0, 4, 16, 36, 64, 100 MmoxHO pa30uTh Ha 2 paBHbIC YaCTH B
nocienoBarenbHocTH: 2(0; 2; 8; 18; 32; 50). I[TocneqoBaTeIbHOCTh ATUX PABHBIX YacTel
NPEJICTaBIISACT MOCICAOBATEILHOCTh ciBOeHHOCTeH — Jlman. Kaxnas /luaga, oueBHIIHO,
COCTOMT U3 ABYX MOHaj nocienoBarenbuoctu: 0; 2; 8; 18; 32; 50.

[Tonyuunoces inagHoe pacnpeaejieHue HATYPAJIbHbIX YHCel.

HenpepriBHOE U cruiomHoe TpEXMEPHOE MPOCTPAHCTBO HE MOXKET OBbITh MOJHOCTHIO
3aMoOJHEHO IMIapaMu CKOJb YrOJHO MajiblX 00BEMOB. MexIy IUIOTHO MpPHIIEralou[dMU
[IapaMy BCETJIa UMEETCS «ITyCTOe» MPOCTpaHCTBO. [1oaTomMy /115t OOIIHOCTH paccMOTpUM
pa3OueHne TOBEPXHOCTEH KOHIIEHTpUYECKHX KyOoB. ILMOTHO mpuierarommmu
OJIMHAKOBHIMU Ky0aMHM TMPOU3BOJBHBIX OOBEMOB 3amONHSAETCA BCE TpEXMEpPHOE

IIPOCTPAHCTBO 0€3 MPOMEXKYTKOB MEKIY KyOaMH .

/. PacnpenesieHre HATYPaJIbHBIX YHCeJ 110 Pa30MeHUsIM MOBEPXHOCTEH

KOHIHCHTPHYICCKHUX KyﬁOB

Bo3pMém mro0yro Touky IIpoctpanctBa. C 310l TOYKH chOpMHUPYEM HEKOTOPYIO

MMOBEPXHOCTH KyOa pedbpom L ¢ miomanpio S:

S = 6L2 27)

[epenmmiem (27) B ToxaECTBEHHOU (hopme:
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S=2(3 L2, (28)

YTBEPKJAIOIIEH O TOM, YTO IMOBEPXHOCTh Ky0a COCTOMT M3 JIBYX PaBHBIX IIOBEPXHOCTEU
MOJIYyKyOOB, pa3leN€HHbIX KBaJApaToM Ha MNOIyp€Opax MPOU3BOJBHBIX YETBHIPEX
3aMKHYTBIX KBaJPATHBIX «CTEHOK». 3a@uKcupyeM (hakT CylIeCTBOBAHUS 3TAJOHHOU WM

CTaHJApTHOM MOBEPXHOCTHU MOJyKyOa ¢ peOpom Lg HOpMUPOBKOH €€ HA EUHUILY:
3Lg2=1 (29)

PazmMepHOCTH 1 MOKET OBITh IIPOU3BOJIBHOIM, MycTh, OyaeT pemromeTp (pm) — 107 m.

Ha camom pene pa3MepHOCTh HE BaKHA, M MOXKET OBITb OTHOCHUTEIBHOM, T.€.

«Oe3pa3MepHOI».
Torza Lse= 1N3 (30)
DTO HEKOTOPBIN CTaHAAPTHBIN Ky ¢ eauHuUIel u3mepenus péoep Lst.

Bo3pMéM r00yI0 TOYKY TIPOCTpPaHCTBA M OT JTOH TOYKH CHOPMHUpPYEM DSl
KOHIICHTPUYECKH BJIOKEHHBIX KyO0OB (KyOmueckyro «MaTpémky»). IlepBeiii KyO

copMupyeM cTOpoHO# B miponsBeneHme 0XV2 Ha Ly
Ly = (0xV2) Ly = (0x12) Lgt = 0x1/73. (31)

Bropoii ky0, KOHIICHTPUYECKHU OKaUMIISIOIUH 1iepBbii kKyO (31), chopMupyem cTopoHoit

B IPOU3BEICHUE 1xV2 Ha Let :
Lo = (1xV2) Le= V2 Lst = V243 (32)

Tperuii Ky0, KOHIIEHTPUYECKH OKAMMIIAIOIHKI BTOpoi Kyb (32), chopMupyeM CTOpOHOI

B IPOU3BEICHUE 2x\2 na Let :
Ls = (2xV2) Le =(2V2) Le = (272) A3 (33)
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YerBEpThiii KyO, KOHLIEHTPUYECKH OKaWMIIAIOmMA Tpetud kyo (33), chopmupyem

CTOPOHOU B MPOU3BEICHUE 3x\2 Ha Lg;:
Ls = (3%V2) Ly = (3V2) Lst = (312) A3 (34)

[1aThIi1 KyO, KOHLIEHTPUYECKN OKaMIIstroIuii Tpetuil kyo (34), chopmupyeM cTopoHO# B

MIPOU3BEICHUE 4x\2 na Lst:
Ls = (4xV2) Lg = (4V2) Lst = (4V2) A3 (35)

[lecToit ky0, KOHIIEHTPUUYECKH OKaUMIISIIOIUN TpeTuil Kyo (35), chopMHpyeM CTOPOHOI

B IIPOM3BCIACHHUEC 5><\/2 Ha Lg:
Ls = (5%V2) Lg = (5V2) Lst = (5V2) A3 (36)

Takum 06pa30M, IMMOBCPXHOCTH KOHIOCHTPUYCCKUX KY6OB COCTOAT n3 map

HOJIYITOBEPXHOCTEH KyOOB, 00pa3zoBaHHBIX péopamu (31) — (36).

CootHomenue (28) st MoOJIy4eHHBIX KyOOB MOXHO MEpEenucaTh Kak:

S = 2{3[(nx\2) Ls] %} (37)

rnie = 0,1, 2, 3,4,5. Koneuno, N MoxeT ObITh OOJIbIIIE 5, HO OTPAHUYUMCS HA ITOM

guciie HatypansHoro psima (n =0, 1, 2, 3,4, 5... , ).
BunHo, uto pé6pa mectr KOHIEHTPUISCKUX KYOOB COCTABIISTFOT PSiJ] UUCEIT:
0xV2; V2; 242; 312; 442; 512 (38)

KpaTHBIX CTaHJApTHOMY (dTaIOHHOMY) peOpy Lst. IloBepXHOCTH KyOOB COCTaBISIOT
cootBeTcTBeHHO: 0; 4; 16; 36; 64; 100 paBHBIX MOBEPXHOCTEH CTaHAAPTHOTO TOJYKYyOa.

[loBepxHOCTh CTaHAAPTHOTO KyOa pasjelieHa Ha JBE paBHbIE MOJYNOBEPXHOCTH,
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COOTBETCTBEHHO, IOBEPXHOCTH KOHILEHTpuyeckux 0 — 5 KyOOoB paszneneHbl Ha:

0, 4, 16, 36, 64, 100 noBepxHOCTEH CTAHAAPTHOTO MOJYKYOa.
[Tonmyumiocs KBaapaTHoe pacnpenesieHne HATYPAJbHBIX YHCET.

Kaxnpiii unen psaa yetHsix yucen:0; 4; 16; 36; 64; 100 moxHO pa30uTh Ha 2 paBHbBIC
yacTtu B nocnenoBatenbHocTH: 2(0; 2; 8; 18; 32; 50). [locinenoBaTenbHOCTh 3TUX PABHBIX
yacTed MPEeNCTABISIIOT TOCJEN0BAaTeIbHOCTh cliBoeHHOcTer — Jluan. Kaxnmas [uana,

OYEBHUJHO, COCTOUT U3 IBYX MOHaJ nocieaoBatenbHocTu: 0; 2; 8; 18; 32; 50

ITonyuunoces iuagHoe pacnpenejeHue HATYPAJIbHBIX YHCe.I.

Takum o06pa3om, JBa HE3aBUCHUMBIX TE€OMETPUUYECKHUX IMOAXOAA K PACIPEICTICHUIO
pa30ueHns MOBEPXHOCTEH KOHLIEHTPUYECKUX (QUTYP C MOJHON U YACTHYHON CUMMETpUEi
IIpUBEIU K 4ACIOBBIM KBagpaTtHOMy U JIMagHBIM PO-TIEPUOIUUECKUM PACIIPEACIICHUAM

HaTypaJbHBIX YHUCCII.

BuiBOa

Juanno-YpoBHeBsle U KBagpaTHO-YpPOBHEBOE ~ 3aKOHOMEPHOCTH  YMCIIOBOTO
pacripeiesieHuss HaTypaJIbHBIX drcen moaBoadart kK [Ipo-Tlepuoanueckomy 3akoHy oO1ieit

TEOPUU CIIENUAIIBHOTO PACIIPEICIICHUS HATYPAJIbHBIX YUCE.

[Ipo-Ilepronuueckuii 3akoH pacupeaesieHusl NOCIeI0BaTeIbHO HAPACTAIOUIMX HOMEPOB

N BeIpakaeTcst mpocToi (popMyInoii:
N =232(2n-1)
OT BeIpaxkeHHs kosinuecTBa Ky HoMmepoB N B IOCie10BaTeIbHOCTH

Kn = (2n)? = 2[(0), 2(1), 2(3+1), 2(5+3+1), 2(7+5+3+1), 2(9+7+5+3+1)]
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s n=0;1;2;3;4;5;,...0

B HUX YMHCIOBBIX H IIPOCTPAHCTBEHHO-TEOMETPUUECKUX [[namHO-YPOBHEBBIX H

KBagpaTHO-YpOBHEBOTO pacipeaeneHusX.

Bcenencreue MaTeMaTH4EeCKOM OCHOBATEJIbHOCTH (pyHI1aMEHTaTbHOCTH)
[Ipo-Ilepuonuueckoro 3akoHa, COOTBETCTBYIOLIME pACHPEEICHUS JOKHBI OBbITh
CIPaBEJIMBBI U MPUMEHUMBI K Pa3IMYHbIM MHOXECTBaM 00BEKTOB BO BceneHHOH, Kak

HNCKYCCTBCHHBIX, TdK 1 CCTCCTBCHHBIX.

8. Teopusi 5-ypoBHEBOIro MHOKECTBA €CTeCTBEHHBIX 3J1eMeHTOB BcesieHHoi

ITon Hetotonuem (puc.1) JI. 1. Mennenee mojapazyMeBan dacTuilbl dpupa U MHOTHE
rojibl TIOCBATWJ TOMCKaM uX xumu3Ma. [IpencraBienne o dactumax 3¢dupa ObLIO
NOMyJsIpHO B Hayke BO BpemeHa Hprotona. Hambomnee ycmemniHoil B Te BpemeHa Obuia
MexaHuyecKas rpaBuUTaluMoHHasi teopusa Jlecaxxa. Ho mportuBopeuns teopum Jlecaxa c
KMHETUYECKOM TEOpUEN ra30B U AIEKTPOMAarHUTHOM Teopuen cBeta cHsnu e€ B XI1X Beke
C mbejqiecTania OCHOB Hayku M punocoduu. @akruuecku Jl. . MenneneeB Bo3poxaan u
pa3BUBAJI TPAaBUTALMOHHYIO Teoputo HproroHa-Jlecaka B raBUTAlMOHHO-XUMHYECKOU

Teopuu 3upa, YTO BHIPA3UIIOCH M B HA3BAHUU NIEPBOTO HYJIEBOTO AJIEMEHTA.

[lepuonuueckuii 3akoH (QOPMYIHPOBAJICS HM3HAYAIBHO B 3aBHCHUMOCTH OT ATOMHOM
MACChl XUMHUYECKHX JIEMEHTOB, 3aTE€M, C OTKPBITUEM CTPOECHUS aTOMa, OT 3apsiia siAep
aTOMOB XMMHWYECKHX JJIEMEHTOB, HAKOHEL, OT KOJMYECTBA NPOTOHOB B sJIpax
XUMHUYECKHUX JIEMEHTOB. [I0CKOIIBKY 3apsl BCEX MPOTOHOB 3JIEMEHTAPHBIN, €IMHUYHBIMN,
TO 3aKOHOMEPHO TNEpEellIM K 3aBUCUMOCTH OT KOJWYECTBA HIPOTOHOB B sApax

XUMHUYCCKUX 3JICMCHTOB, T.C. OT IIOPAAKOBOI'O HOMCPAa XUMHYCCKOI'0O 3JICMCHTA.

OO6miast Teopusi CHEUMAIBHOTO PACIpEETICHUsS HATyPAIbHBIX YUCEN MPEyCMAaTPUBAET

TOJIBKO 2 HYJICBBIX J3JICMCHTA. BI)I60p HYJICBBIX J3JICMCHTOB OI'PAHHMYCH BCCro JIMIIb
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IBYMsI ~ €CTECTBEHHbIMM  dJeMeHTamMu. (OuepeqHOM pa3  MOXKHO  MOPA3UTHCA
npozopiauBocteio .M. Menneneesa. Beans o0H InpenycMmarpuBall  pOBHO  JiBa

AOBOOOPOAHBIX 3JICMCHTA.

BBI60p HCBCJIIMK, MW BBIACJICHUC TOJBKO J[JBYX HYJICBBIX OJ3JCMCHTOB M3 MHOXCCTBA
MNPpETCHACHTOB HaA  HYJCBBIC OJJICMCHTBLI  JOJDKHO  OCHOBBIBATBCA  Ha  JKCCTKHX

OIpaHUYUTCIBHBIX ITPUHOWIIAX !

1. TpuHIMO MakCHMalbHOM pacpocTpaHEHHOCTH BO BceneHHol;

2. [lpuHIun 371eKTpOHEHTPATIBHOCTH.

Crenys 3TUM TpPUHLMIIAM, CAMBIM PaclpOCTPaHEHHBIM 3JIEMEHTOM BceneHHoM, cienyer
NPUHATH TPEXMEPHOE MNPOCTpaHCTBO Bceenennoil. J[laxke B aTromMax XUMHYECKUX
AJIEMEHTOB MPOCTPAHCTBO 3aHUMaeT 6ojee 99, 9... % ux o6vEMoB. DakTuuecku 99.9...,

% Bcero o0béma BcenmeHHOW 3aHUMaeT CBOOOJHOE OT aTOMOB, MOJEKYT U
AJIEMEHTapHBIX YacTUL TPEXMEpHOE MpocTpaHCTBO. [loaTroMy snemeHT BceeneHHoOW B
BUJIE TPEXMEPHOTO MPOCTPAHCTBA OJAHO3HAYHO YIOBIETBOpAET nepBoMy Ilpuniumy
MaKCUMAJIbHOU pacpoCTpaHEHHOCTH BO Bceenennonu. [IpocTpancTBO
anekTpoHeiTpanbHo. OHO ynoBiueTBopsAeT U [IpUHLHUIY 3IEKTPOHEUTPATIBHOCTH.
[TepBoIii HYJIEBOM 2JIEMEHT 0003HaUYMM He mpocTo Iudpoit 0, a ¢ nuaaeKcoM Oy, KOTOPBIi
YKa3bIBA€T HA HOJIb MAacChl, OTCYTCTBHE Macchl. [IpocTpaHcTBO BceneHHOM O4YeHb M
OUYeHb TPOTSHKEHHO, CKOopee Bcero, OeckoHewHo. HazoBEéM OeckpaiiHee NpPOCTPAHCTBO

«Cmaiices», OT aHTTUHCKOTO clioBa SpPace, u 0003HAYNM CUMBOJIOM SP.

BTopeiM 110 pacnpocTpaHEHHOCTH BO BCEIEHHON HYJIEBBIM 3JIEMEHTOM CIEAYET CUUTATH
HEUTPHUHO. YCTAaHOBIICHO, YTO Macca OApUOHHOW MaTepuu COCTaBiseT TOibko 3-10%
Bceil maccel Bo BeenenHnoil. OcrtanbHasi Macca MPUXOJIUTCS HAa HEUTPUHO BCEX BHUIOB.
Bce Buapl  HEUTpUHO  BIEKTpOHEUTpanbHbl.  lloaTOMy CICOYIOIUM IO
pacupoCTPaHEHHOCTH AJIEMEHTOM BceneHHOU sBIeTCsl BCE MHOMKECTBO HEWTpuHO. U

BTOpOM HYyJEBOM 3yeMeHT BceneHHoW 0003HaumM He mpocTto mmdpoi 0, a Takxke co
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CBOMM HHJEKCOM (e, KOTOPBIA YKA3bIBAET HA OTCYTCTBHUE AIEKTPUUYECKOIrO 3apsAna. DTOT
BTOPON HYJIEBOW 31eMeHT Oyaem HazbiBaTh «HeuTpunus», 4yToObl OTAMYHUTH OT CJIOBA
HEUTPUHO M YyKa3plBaTh HA OYEHb OOJIBIIYI0, CKOpee BCEro OECKOHEYHYIO
NPOTSHKEHHOCTh PACHPENCIICHUS HEUTPUHO T10 BCe BcelleHHOM B BUJIE HEUTPUHUEBOTO
MHOXECTBA €CTECTBEHHBIX JJIEMEHTOB. OJTOT €CTECTBEHHBIM »dJeMeHT BceneHHon
o0o3HauuM cuMBojoM Nt. 3ameTnm, 4TO TakuM CHUMBOJIOM 0003HauarT «HelTpoHuin»,
KOTOPBIN HUCHOJIB3YIOT HEKOTOPBIE aBTOPHI JIJIs1 0003HAYEHHUsI HEUTPOHA KaK XUMUYECKOTO
anemeHTta. Ho oduimaibHOro Hay4HOro MNpU3HAHMS W TPUHATHS HEUTpOHA Kak
XUMHUYECKOTO AeMeHTa HeT. OcHOoBaHME Beckoe. HEHTpOH He BCTymaeT B XMMUYECKHUE
peakiuu. Her u odunuanbHo npusHaHHoro TtepmuHa «HelTpoHuit». 3a Kakoi
arieMeHTapHOo# vacTtuileil 3akpenutcs cuMBod Nt, 3a Heiitponuem unu 3a Helitpunuei

MOKaXXeT TOJBKO Oy/ylliee pa3BUTHE HAYKH.

Tpu paznuunbie Gopmbl 5-YPOBHEBBIX CUCTEM C JIByMs HYJEBBIMU €CTECTBEHHBIMU

ajieMeHTamMu BeeneHHoi IMOCJICAOBATCIBHO IMPCACTABICHBI HUXKC.

1. 5-YposHeBas cucteMa Enounoif ¢opMbl ¢ JByMs HyJEBBIMH €CTECTBEHHBIMU
AJIEMEHTaMH MpeJCTaBlIeHa Ha puc. 36.

2. 5-YpoBueBas [InagHo-OKTaBHas cHCTeMa C JBYMSI HYJIEBBIMU €CTECTBEHHBIMH
AJIEMEHTaMHU MpPE/ICTaBIeHa HUXKE Ha puc. 37.

3. 5-YpoBHEBas MOHYMEHTaJIbHasi CHUCTEMa C JIByMS HYJIEBBIMH €CTECTBEHHBIMU

AJIEMEHTaMHU MpEe/ICTaBlIeHa HUXKE Ha puc. 38.
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Sp

Om

Nt

De
B C N (0] F Ne
5 6 7 8 -] 10

31 32 33 34 35 36

Ph Bi Po At Rn
82 83 84 85 86

Passl

Nh | Fl Mc | Lv Ts Og
113 | 114 | 115 | 116 | 117 | 118

Puc. 36. 5-YpoBHeBas cuctema ¢ AByMSI HYyJIEBBIMU €CTECTBEHHBIMU AJIEMEHTAMHU

Bcenennoit Enounoii ¢popmsl.
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Sp
Om

Nt
Oe

Nh | H I wv [1s | og
113 | 114 | 115 [EECEEEPLN 116 | 117 | 118

Puc. 37. 5-YpoBHeBas cuctema c AByMs HYJIEBBIMU €CTECTBEHHBIMHU

anemeHTamMu Beenennoii /luagHo-okTaBHOM (GOPMBI
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EAEREREY
82 |83 |84 85
H [
B .
113 EESCRENEANN 118
FFIFTE
114 | 115 | 116 | 117

Puc. 38. 5-YpoBHeBas cuctema ¢ AByMs HYJIEBBIMU €CTECTBEHHBIMHU

aNeMeHTaMH BceneHHO MOHYMEHTAIBHOU (POPMBI.
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Jlist cpaBHEHHMsI pecTaBUM Bce 3 (hOpMbl BMECTE:

¥ ‘ ’ W Fa o | i
As | Se Br
33 34 35

Mc
PRGN 119 120 RSN

Ts
117

Nh [ Fl
113 | 114

Og
118

1 2 3

Puc. 39. CoBMecTHOe TIpejicTaBieHue 5-YpoBHeBbIX Enounoit, JIua Ho-0KTaBHOI 1

MOHYMGHT&HLHOﬁ CHCTEM €CTECTBEHHBIX JIEMEHTOB BcejieHHOM.

BricoTta y Bcex Tpéx GopM 5-YpPOBHEBBIX CHCTEM €CTECTBEHHBIX DJIEMEHTOB C JIBYMS
HYJIEBBIMU JJIEMEHTAaMHU OJIMHAKOBAa, HO HamOoJiee TUIOTHOYIMAaKOBaHHAs W3 HUX dopma
3 — MoHyMeHTanpHasi CUCTEMa C JABYMsI HYJIEBBIMH €CTECTBEHHBIMH DSJIEMEHTaAMU

Bcenennoit Sp (Cmoiices) u Nt (Heitrpunus).
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9. Teopusi Bcero MHOXKECTBA eCTECTBEHHBIX 3J1eMeHTOB BceseHHoii

B npenpiaymiem pasjene paccmMaTpuBajiach OrpaHMUYEHHAs ABYMS JOBOJAOPOAHBIMU U

JBYMsI 3a0TaHECOHHBIMHU 3JIeMeHTamMu CUCTeMa €CTECTBEHHBIX 3JIEMEHTOB BeelleHHOM.

OrpaHnyuBanachk NepBbIMU MATHIO 3HaueHussMu N = 0, 1, 2, 3, 4 B popmynax. OgHako B
HarypanbHOM pane N =0, 1, 2, 3,4, 5, ... Her orpaHuYeHul HA N, a B COOTBETCTBUHU C
dopmynamu (8), (15) m (16) 3HaueHUss N  TOCIENOBATEILHO M HEOTPAaHUYEHHO

HapacTaroT 10 OECKOHEYHOCTH.

OTO  BIIOJIHE COOTBCTCTBYCT Hauboiee paCHpOCTpaHéHHOﬁ TOYKC 3pCHUA O
O0eckoneuHoct Bcenennoii. Bo Bcskom CIyd4a€ HCT HM HAYYHBIX, HU TCXHHUUYCCKHUX

BO3MOXKHOCTEHU J0Ka3aTb, TCM 60]'[66, ITOKa3aThb MPOTUBOIIOJJIOKHOC.

[TepBoiii HyneBoit Beenenckuii aement Sp (Crdces) HEMpepbIBEH, WIH Jjaxe aOCOIIOTHO
HenpepbiBeH. AOCONIIOHAsT HENpPEepPhIBHOCTh O3HAYAET OTCYTCTBHE pPAa3pbhIBOB Kak
BHYTPEHHUX, TaK U KpallHuX. B camom neine, TpyaHO Jake MPEICTaBUTh, YTO I'I€-TO, Ha
PACCTOSIHUM B TPUJUIMOHBI CBETOBBIX JIET OT HAC B JIOOYIO CTOPOHY MOXKET OBITh Kpai
Cmiicen. A dro xe 3a kpaem? YTto 3a KpaeM TpEXMEPHOrO KOCMHYECKOIO

npoctpancTBa? Bompoc, Ha KOTOPHBI Bpsi T KOT1a-HUOYAb OyIeT JaH OTBET.

[ToaTomy Oynmem cuutaTh MpOTsHKEHHOCTH CIiicen HeorpaHWYEeHHOH, OECKOHEYHOW BO
Bce cTOpOoHBbI. COOCTBEHHO 00 ATOM TOBOPUT M HEOTPAHMYEHHBIM Psii HATYpaTbHBIX

YHCCJI.

Ho y Hac HeT TeXHMYECKOHl BO3MOKHOCTH TIOKa3aTh (HApHUCOBATh) EiIo4HyI0 u
MonyMeHTanbHyl0 (OpPMBI TIOJIHOH CHCTEMBI €CTECTBEHHBIX JJIEMEHTOB BcCeneHHO.

DTOro HEBO3MOXKHO CAENaTh HU HA KAaKOM PYyJIOHE Oymaru.

[ToaTomMy orpannuuMmcsi 3HaueHueM N = 6, npuyéM MHOrotoureMm aisg ceapmoro (ot 0)
ypoBHs. Sldeiiku ¢ HOMepamu B §-0Jioke u MHorotounsmu ¢ h-Oioka, cienyromux 3a f-

OJIOKOM, OTIIBETHM COOTBETCTBEHHO OJieTHO-(PHONETOBBIM M 0JIETHO-PO30BLIM IIBETAMHU.
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Torna  HeorpanudeHHas Cucrema  eCTECTBEHHBIX  JJEMEHTOB  BceneHHon

IpEACTaBIIAOTCA B BUC.

Sp
Om
Nt
Oe

Cc Ge As Se Br Kr
31 32 33 34 35 36
In Sn [ Sb | Te | Xe

49 50 51 52 53 54

Nh [F [ Me [v [Ts | og
113 | 114 | 115 | 116 | 117 | 118

163 | 164 | 165 | 166 | 167 | 168

213 | 214 | 215 | 216 | 217 | 218

1. Puc. 40. Enka Bcero MHOKECTBA €CTECTBEHHBIX DJIEMEHTOB BCeleHHOIA.
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EEE 119

Ts
120 117

2. Puc. 41. Bcé MHOXECTBO €CTECTBEHHBIX DJIEMEHTOB BeejleHHOoM

B JlnagHo-okTaBHOU (popMme.
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Om

Nt

HEA R
51 |52

- -

108 165 Laco | 167
m
| ois Lot o1

3. Puc. 42. MoHnyMeHT BCeTO MHOKECTBA €CTECTBEHHBIX 2JIEMEHTOB BcelleHHOA.
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IIpencraBum puc. 40, 41 u 42 coBmectHO. l[BeTa sfuyeek coxpaHuM, HO HOMEpa M

CHUMBOJIbI 9JICMCHTOB OITYCTHM, TaK KaK IIPpHW TaKUX MacimTadax OHH HE p3.360p‘-II/IBBI.

1 2 3

Puc. 43. CoBMecTHOe TIpesicTaBieHue 6-YpoBHeBbIX Enounoit, JInaHo-0KTaBHOI 1

MoHyMEeHTaTbHON CUCTEM BCETO MHOKECTBA €CTECTBEHHBIX AJIEMEHTOB BeelleHHOM.

CpaBHeHHE ¢ MOJIOOHBIM COBMECTHBIM TIpecTaBieHueM Hac Puc. 39 msi n =0, 1, 2, 3, 4.
TOKa3bIBAET, 4To J{MagHO-OKTaHAs CHCTEMA «TIepepociay Enounyro 1 MoHyMeHTaIbHYO
CHUCTEMBI Ha 6 KBaJPAaTHUKOB BBEPX. JTa pasHUIA OYJIET YBEIMUYUBATHCS C YBEIHUCHHEM

n.Jman=0,1,2,3,4,5, 6 (c h6iokom) BbicoTa /IaaH0-0KTaBHOM CHCTEMBI
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npeBblaeT Enounyro 1 MoHYMEHTAIBHYIO CUCTEMBI yKe Ha 16 sueek.

NN [T T1 HEE EEN

1 2 3

Puc. 44. CoBmecTHOE TIpeicTaBienue Enounoii, 7-YpoBHEBbIX JlMaqHO-OKTABHOM
MonymenTtansHol cuctem ipu N =0, 1, 2, 3, 4, 5, 6 Bcero MHOKeCTBa €CTECTBEHHBIX

3JIEMEHTOB BceieHHON.
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Veemmuum n non=0,1,2,3,4,5,6,7:

]

|
EEEEEEENE SRR ESE

I i

1 2 3

Puc. 45. CoBMecTHOE HpejicTaBieHue 8-YpoBHeBbIX EnouHoil, luagHo-0KTaBHOM U
MonymenTtansHo# cuctem ipu N =0, 1, 2, 3, 4, 5, 6, 7 Bcero MHOXECTBA €CTECTBEHHBIX

3JIeEMEHTOB BceeeHHON.
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3nech JuamHO-OKTaBHAs CHCTEMa BO3BBINIACTCS YKe Ha 32 sdeliku Han Enkoil u
MonymentoMm. [lpu nanpHeiemM yBeauyeHuu N pa3HULA OyneT HapacTaTh, el Oosnee
omepexas PpPOCT B BBICOTY I04HOH ¥ MOHYMEHTANbHOM CHCTEM MHOKECTBA
€CTeCTBEHHBIX  3jeMeHTOB  Bcenmennoil. Takum  o0pa3oMm, KOMIIAKTHOCTb H
IJIOTHOYIIAKOBAHHOCTh MOHYMEHTAIBHOM CHUCTEMBI COXPAaHUTCSA MPU JAJIBHEUIIEM

yYBEJIMYECHUU N.

[Touemy xe npu N =0, 1, 2, 3, 4 BeicoTa cuctem 1, 2 u 3 6bUIa OMHAKOBOM, a ¢ N =0, 1,
2, 3, 4, 5 JlnuagHo-oKTaBHAs cUCTeMa Tak OBICTpO HapactaeT? B xonue paznena 9 Uactu |
OBUINT OTMEUEHAa MOPA3UTEIBLHOCTh COBMAJCHUS KBAHTOBO-MEXAaHUYECKOW THUIU3AIUU
XUMUMHYECKUX DJIEMEHTOB C MX THIHU3AIlMEHd Ha OCHOBE paclpe/ielieHUs HaTypabHBIX
gucel B KBaAparax UYETHBIX uucen JluagamMu u3 TOCieaOBaTeNibHBIX MoHam |
MOCJIEIOBATENIbHO BJIOKEHHBIMU KBanparamu. Uucna «3HarT» MHOrO. BO3MOXXHO OHU
«3HAIOT», YTO TOJICIHMM XUMHUYECKHX JJIeMeHT uMmeer Homep 118. Jlamee yxe
HEXUMUYECKHUE IIIEMEHTHI, T.€. €CTECTBEHHbBIEC JIEMEHTHI BCelleHHOM, He BCTYMarouue B
XUMUYEeCKHe B3aumoneiictBus. Crnemxyer ormMeTuTh , uto U J[. . MenaeneeB cumrain

118-i1 Homep 3aBepmiaromuM B [lepruogudeckoii Tabauiie XUMUUECKUX DJIEMEHTOB.

13 tpéx HeorpannueHHbIXx CucteM Ha puc. 45 camoii mmpokoit sieisercs duanHas (1), a
camoii BbICOKOM — Jlumamno-oktaBHas (2). Cucrembl 1 ¥ 3 OOWHAKOBBI 10 BBICOTE.
Paznmuuusi rabaputoB B HeorpaHudeHHbIX 1-3 CucreMax yBENIMYMBAIOTCS TIPH
JajdbHENIIEM HapallMBaHUK N MOCJIEAYIOIIMMHU 3HAYEHUSAMHU HATypallbHOTO PSJa Yncel
BILIOTH 710 OeckoHewHOocTH. Ho mpu Bcex N > 1 Hanbonee koMrnakTHa MoOHyMeHTalIbHAs

CucreMa eCTeECTBEHHBIX DJIEMEHTOB BCelleHHOM.

B Hacrosimee Bpemss u3BeCTHbI 118 XHMMHUYECKMX BJIEMEHTOB, KOTOPHIE, KOHEYHO,
SIBIIAIOTCSL MU €CTECTBEHHBIMU dJIeMEeHTaMu BceneHHol. B mpomioM Beke Ha OCHOBE
000J0YeYHON MOACHM  SApa  MPOTHO3ZHPOBAIM  BO3MOXKHOCTH  CYIICCTBOBaHHS

XUMHYECKHX OJJIEMEHTOB ¢ HoMepamu 115-130 B, Tak Ha3pIBa€MOM,  «OCTPOBE
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CcTaOMIIBHOCTHY. JIOMYyCKalOT BO3MOXKHOCTh CYILECTBOBaHMS M 0Oojiee OTHANEHHBIX
«OCTpOBOB cTaOUIbHOCTHY. [loka OOHapyKE€Hbl U CHHTE3HPOBAHBI 3JIEMEHTHI 70 118

HoMepa — OranecoHa.

Ho Bo BceneHHOM CyIIECTBYIOT HEWTPOHHBIE 3BE3/bI, MUHUMAJIbHAS MAacca KOTOPBIX
oueHuBaercss B 2,16 maccel ConHia. B Takoil HEHTPOHHOM 3BE3AE€ KOJIMYECTBO

HEHTPoHOB cocTaBusger ~ 2,6x10°%. Uncno HEHTPOHOB B YEPHBIX ABIPAX MPEBHILAET

2,6x10.

10. HIkaJja ecTeCTBEHHBIX JIeMEHTOB BceesieHHOM

EctecTBenHBIX a5ieMeHTOB BO BceenenHoM odeHb MHOTO. K HUM oOTHOCUTCS OT'POMHOC
MHOI‘OO6paSI/Ie QJICMCHTAPHBIX Ya4CTUIl, YXKC OTKPbITHIX. O‘ICBI/IJIHO, emE MHOIO HE
OTKPLITBIX J3JICMCHTAPHBIX YaCTHII. Ho O6oapmmHCTBO QJICMCHTAPHBIX YaCTHUI[ HC
CTaOMIILHO. 3II€CI> MbI OI'paHHUYMM CCTCCTBCHHBLIC J3JICMCHTBLI TOJIBKO CTaOMIBLHBIMU U
U POKO paCHpOCTpaHéHHLIMI/I oObekTamu. B IEPBYIO 0UYCPCAb K TAKHUM CCTCCTBCHHBIM
QJICMCHTaAM OTHOCATCA TpéXMepHOG IMPOCTPAHCTBO Bcenennoii u HCfITpI/IHO, JaJicc
CICAYIOT XUMHUYCCKHUC 3JICMCHTBI, IIPCAIIOJIAraCMbIC MACCUBHBIC XUMHWUYCCKHUC 3JICMCHTHI,

BKJTIOYAs 3JIEMEHTHI «OCTPOBOB CTAOMIBHOCTUY, ..., HEUTPOHHBIC 3BE3/IbI, YEPHBIC JBIPHI.

M3BecTHa mikana 3nekTpoMarHUTHBIX BOJIH (ILIIDB) — ymopsigoyeHHOE MpeAcTaBlICHUE
BCEr0 MHOTr000pa3usi AJEKTPOMArHUTHBIX BOJIH OT TAaMMAa-U3JIyYEHUs 10 PAJUOBOJH B
OYEHb IIMPOKOM Juara3oHe IJuH BoiH. Ha puc. 46 mpencraBieHa onHa U3 BepCHUid

[IIAB B nuana3one maiuH BoyH oT 10712 M 10 mecsaTkoB METPOB.
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LLkana (ynopsgoyeHHas no grnivHam BonH Cucrtema)
3NeKTPOMarHUTHbIX BOJIH BO BceneHHomn

00l Ol 1leam 10mm 1008 I 10mmea 1002mm lama lem 10em 1w 10 m
102 102 10t 10° 10t 102 10° 10* 10° 10° 107 108 10° 101°
| | | | | | | | | | | | | | A, B
I [ = I 1l | I | | | | v, I'q
3-10% 3.10% 3107 3-108  |3-10% 3102 3-10% 3-10°
| ve | | HK I
Pemmremosckoe [*—— > | |
ETHIYEASEIE S DS 1 Pagyos orme1
[ anvmva-yiry s e | / \\ |
L 400 s (EEE -~ 730500 |
| @ CT 3 (0K |
| lenwbu‘ftcse'r' |
! ONTHYECKH i IHANA 20K !

Puc. 46. lllkana 31eKTpPOMAarHUTHBIX BOJIH

Ilo amamornu c¢ IIDB

€CTEeCTBEHHBIX 3JieMeHTOB Beenennoit (ILIEDB).

Ixana YHOPAAOYECHHOI'0 110 HOMEpPaAM BCEro MHOKECTBa €CTCCTBEHHBLIX J3JIEMEHTOB Bcesiennoit

MOXHO TIPCACTABUTH YIOPAAJOYCHHYIO II0 HOMCpaM

HIKaTy

HyJseBbie Xumuueckne MaccuBHbIe CBepxmMaccHBHEIE
ecTecTBeHHEIE 3JIeMeHThI €CTEeCTBEHHBIE 3JIEMEHThI eCTeCTBeHHbIE
3J1eMEeHThI 3J1eMeHThI
Om 0e 1, 25 eosescasvansense 118 119, 120, ..., 219, 220, ..., THICHYH, ..., ..., — | HeliTpoHHLIE 3BE3 LI
Sp Nt HoHE o omsvonsnssd O | —Ssumss % son yrs N w5 gum, — — Yépunie ALIPLI

Puc. 47. lllkana ynmops09eHHOT0 TI0 HOMEpaM BCETr0 MHOKECTBA Hanbosee

pactpocTpaHEHHBIX U CTAOMIIBHBIX €CTECTBEHHBIX 2JIEMEHTOB BCeneHHOM.

Haunnaercs IIIEDB ¢ HyneBBIX IO Macce W DJISKTPUUYECKOMY 3apsiiay Haubolee

pacnpoCTpaHEHHBIX €CTECTBEHHBIX 3JieMeHTOB — Cmiiceet m HelTpunueil. 3a HUMHU

CIEAyIOT XUMHUUYECKHE »djeMeHThl oT Bogopoma 1o Oraneccona. Jlanee wuayt He

CTaOMJIBHBIC €CTECTBEHHBIC JIEMEHTHI OT KOPOTKOKXHUBYHIHUX JO OYCHb KOPOTKOXHBYIIHNX

MaCCHUBHBIX CCTCCTBCHHBIX JJICMCHTOB,

BKIIIOYAOIMIUX KaK JOJICMCHTHI

«OCTPOBOB

CTaOMJIBHOCTU», TaK U 0oJiee MacCHBHBbIE 3yieMEeHThI. [lopsiakoBble HOMEpa MX MOTYT

COCTaBJIATb TBbICAYH,

MUJIJIMOHBI,

MUJJINApPAbI,

u Oojee mnpu TMOAXOJAE K

CBCPpXMACCHUBHBIM €CTCCTBCHHBIM 3JICMCHTAM — HeﬁTpOHHbIM 3Bé3I[aM u t-IépHI:IM AbIpaM.
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B IIIEDB umeetcs nmpoTuBopedre ¢ HaTypaldbHBIM psaoM uucen Nr = 1, 2, 3, ..., ©. B
HEMTPOHHBIX 3BE31aX M YEPHBIX ABIPAX YHMCIO HEUTPOHOB Belrko, nopsaka 10%°, o go oo
OY€Hb U OYeHb aanieko. O npyrux 0apuOHHBIX, 00JIee MACCUBHBIX €IMHUYHBIX HEOECHBIX
TellaX CBEICHMM Ha ceroaHs HeT. Ho ecimu Obl OHM M OBLIM M Kak Obl BEIIMKH OHH HH
ObUTH, BCE pPaBHO KOJUYECTBO HEHUTPOHOB B HUX orpaHuyeHo. OrpaHUYEHO B CHITY
JUCKPETHOCTH, €UHUYHOCTH 3THX HeOeCHbIX Tel. Bce HeOecHble Tena JAUCKPETHHI U
enquHuuHbl. [loaTOMy mepcnekTuBbl Ha HeorpanudeHHOCTh IIIEDB, cooTrBercTByrOIEH

CyTH HaTypajbHOrO psija uucen Nr=1,2 3, ..., o, HeT.

11. CmbikaHHe KOJBbIIA HATYPAJbHBIX umcea 1, 2, 3, ..., ©© yepe3 0oOpaTHYIO

0eckoHeuHOCTH (0)

Cmdlices  HeorpaHMdeHHa U OeckoHeuHa. beckoHedHa, TOTOMY 4YTO aOCOJIOTHO
HENpephIBHA, HE MMEET HU BHYTPEHHHUX, HU KpailHuX pa3pbiBoB. B Hyne (0), BooOmIe

roBops, COACPIKUTCA 00, HO B 3HAMCHATECJIC 1/o0.

Bo3moxHO, HaTypanbpHbIi psig uncen: Nk = 1, 2, 3, ... oo He ABIAETCS NPIMOIUHEHHBIM
pPSZIOM, a TIPENICTaBIsIeT cO00i OEe3MEepHO OTPOMHOE KOJBI[0, HACTOIBKO OIPOMHOE, YTO
BCAKUW MBICIUMBII OTPE30K €ro mnposABiseTcs (BOCHPUHUMAETCS) MNPSIMOJIUHEHHBIM
orpeskoMm. Ecnm anmMHa OKpY»XHOCTH KOJbIla OECKOHEYHa, TO W paguyc KOojbla
npaktudecku 0eckonedeH. [IpeacrtaBum cede, 4TO «IPSAMOIUHENHOY» YXOIAIINN HAITPaBO
panx g = 1, 2, 3, ... oo HaA caMOM jeiie OCCKOHCYHBIM KOJIBIIOM «ITOJOIIEN» ClieBa K

Havaiy psja, K 1.

Komb110, 94T00BI OBITH HEMPEPHIBHBIM, JOKHO OBITH COEAUHEHO, OOJIEe TOTO, CIUIABICHO
HayaioM (1) u KOHIIOM (o0), KaK CBapUBAIOTCA pa3Hble METAJIbl, Hampumep. Toraa
MeXIy 1 u o nomKeH ObITh MPOMEKYTOUHBIA CIIOM (3BEHO) M3 «MeTamiay («CIiaBay)

cocraBa 1:00, T.¢. 1/00. Tak MOrjIa MPOM3OMTH CMbIUKa OECKOHEYHOrO psifa yucen Ng = 1,
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2,3, ...,00 B OECKOHEUHOE HATypallbHOE KOJIbIIO yuces. Tak MOriIu BOBHUKHYTH uncio 0,

a ¢ HUM u HaTypaibHbll psa Nw =0, Nr o dpopmysne (8).

3akaouenue mo Yacru |1

[TocnenoBarenbHple  KBaapaTbl  YETHBIX  4YuCed  BbIABWIM  [IporpeccuoHHO-
[lepuoguueckuii, unu kpatko IIpo-lTlepuoanueckuii 3akon (II[13) pacnpenenenus
HAaTypaJdbHBIX YHCEN B IOCIEIOBATEIbHBIX YHMCIOBBIX MOHaAax MOCIEI0BATEIbHBIX
yucnoBbIX Jluam u B MOCIEAOBATENIBHO BIIOKEHHBIX KBajgparax U3 KBagpaTUKOB C
HaTypajibHbIMU uuciamu. [lpunoxenne marematuueckoro amnmaparta III13 B kauecTse
dbyHIaMEHTaTbHOTO M MPUHIUIHAIBHOTO OCHOBAaHUS K CHUCTEMATHU3AIllUU W TUIU3AIUU
€CTECTBEHHBIX (B HX YMCJIE XHMHUYECKHX) JJIEMEHTOB BCEleHHOW NPUBOJUT K UX
YpoBHeBbIM CucteMam, B yacTHOCTH, K [Ipo-Ilepuoanueckum 4-YpoBHeBbIM Tabauiiam

XUMHYCCKHUX JJICMCHTOB.

Bxntouenue CuctemMbl XHMHYECKHX DJJIEMEHTOB B  HeorpanudeHHyro Cucremy
€CTECTBCHHBIX AJIEMEHTOB BcelleHHOW TpeOyeT MOIMOMHUTEILHOTO aHajn3a MPHUPOIBI
B3aUMOJICHCTBHIN MEXIy YacCTUIIAMH, TeJIaMH, HCOCCHBIMHU TEJIaMH W IPHUPOJLI CaMHUX
YaCTHII.

Oco3nanue TPEXMEPHOTO MPOCTPAHCTBA KaK TJABHOTO (HauOoliee pacmpoCTpaHEHHOTO)
anemenTa [lpuponsr (Bcenennoit), 6oiee TOoro, BRISIBICHHE €r0 M3HAYAIBHOTO MECTa B
Cucrteme ectectBeHHBIX (IIpupoanbix) a5ieMeHTOB BeeneHHOM ¢ HEOOXOAUMOCTBIO BEIET
K BBIICHEHUIO, BBIBICHUIO €r0 B3aUMOOTHOLIEHUN C JPYTUMU €CTECTBEHHBIMU

yjeMeHTaMu BcesieHHoH.

Ha stom 3aBepmaercss Yacts Il. Ona BmomHe mocTymHa Jjisi MOHUMAaHHS y4dallUMCS
CPeIHUX U BBIMYCKHBIX KJIACCOB CPEAHUX YYEOHBIX 3aBEJECHUUA U BCEM, HMEIOUIUM

cpeanee oopazoBanue. Co cnenyromieit Yactu I, moxanyi, norpedyercs pacuimpenue u
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yriyOJieHue 3HaHUM B YHHUBEPCUTETCKUX OOIIUX KypcaX MaTeMaTHKH, €CTeCTBEHHBIX

HayK U ¢puiocopuu.

YACTbD |1l  Ilpupoaa ocHOBHBIX (pM3NUYECKHUX NOJIEH U JJIeMeHTAPHBIX YaCTHIL

IIpenucnoBue k Yactu |11

MareMaTU4eCKu BBISBJICHHBIN HepBBIﬁ HYHCBOfI asieMeHT CHCTEeMBI €CTECTBECHHBIX
3JIEeMEHTOB BceneHnnou BCI[éT K IICPCOCMBICIICHUIO HC TOJIBKO XHUMHUYCCKUX 3JICMCHTOB,
HO W 3JICMCHTAPHBIX YaCTUIl U OCHOBHBLIX (1)I/IBI/I‘{€CKI/IX noJieii. Yacte || IIOCBAIIICHA

BBIABJIICHUIO IIPUPOIBI OCHOBHBIX (1)I/I31/I‘ICCKI/IX rnojie u QJICMCHTAPHBIX YaCTHII.

Ot cyOCcTaHIMHU K MaTepHH
Onpedenenust

CyOctanmus (nar. substantia — cylWwHOCTb; TO, YTO JICKHUT B OCHOBE) — TO, YTO
CYIIIECTBYET CAMOCTOSITENILHO, CaMO TI0 ce0e, B OTIUYHE OT aKUMAEHUNN,

CYILECTBYIOLIUX B IPYTOM U YEPE3 IPYTOE.

Martépus (ot naT. materia — BemecTBo) — (HU3UIECKOE BOOOIIE, B OTIIMYNE
OT NCUXNYECKOTO U AYXOBHOIO

Kak BugHO M3 ompepesieHuil, cyoCcTaHIus — nepBuYHas ¢yHaaMeHTaabHas drtocodckas
kareropus. Marepuss - kareropus Oojnee ¢dusmueckas, Hexenn ¢unocopckas u
MPOSBIIICTCS TONBKO B JABMKCHHH. PaccMOTpUM BONPOC «POXKICHUS» TOABMKHON
MaTepu B HEMOJBIKHON cyOcTanimu. CyOCTaHIMIO CIeAyeT paccMaTpuBaTh UMEHHO
HETMOJBI)KHOW, MOTOMY YTO BCSKO€ JBMDKCHHE TMPOU3BOJUTCS OTHOCHTEIBHO YETO-TO
MOI00HOTO, HANPUMEpP, OJHOW YACTHUIIBI OTHOCUTENBHO APYTod (APyrux), OMHOTO Teia
OTHOCUTENbHO Jpyroro (apyrux). CyOctanmusi xe (TpéXMEpHOE MPOCTPAHCTBO)
enuHCTBeHHA. [[pyrux cyOcTaHInii, OTHOCUTEIHLHO KOTOPHIX MOXKHO OBLTO OBI BBISBIISTH

e€ NBWKEHHE, HET. J[BMKEHHE Ke CyOCTAaHIIMM OTHOCUTEIBHO caMOi ce0s He BO3MOXKHO.
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JIBUraThcst MOTYT TOJIBKO BO30YkaeHust cyocTaHmu. Ho Bo30ykaeHust CyOCTaHIIMM yKe
He cyOcCTaHLMs, a Marepus, JJIEMEHTapHbIE YaCTHUIIbl, JBMXKYLIUECS C aOCOJIIOTHOM
CKOPOCTBIO CBeTa B cyOcTaHuuu (HEUTpuHO u (PoToHbl). WX JBMIKEHHE MOXKHO
COOTHOCHUTH TOJIBKO C JIBUPKEHUEM JIPYTUX AJIEMEHTAPHBIX YAaCTHUI, KaK JBHKYIIUXCS, TaK
U TOKOAILIUXCS OTHOCHUTEIBbHO IEPBUYHBIX 3JIEMEHTApPHBIX YaCTHUIl, CYIIECTBYIOIIUX

TOJIKO B JIBU’KEHUHU C a0COJIFOTHOM CKOPOCTBIO CBETA B CyOCTaHIIUU.

Bopa — BemectBo, MaTepus.

CkopocTtb 3ByKa (V) B Boge 1 400 m/c. [Tpu wactote f = 14 x['11 (CABIIIMMBIN 3BYK) JUTHHA
BOJIHBI (A) U3 dopMyIbl ckopocTr 3Byka V = Af  paBua 10 cm. Pasmep mosekyn BobI
nopaaka 10° M . OTHomeHne pasmepa MoOJEKyNIbl BOJbI K BHIOPAHHOMN JIMHE BOJIHEI
3Byka coctaBuT 10, T.e. cocraBur omHy MWLIHMApAHYIO. IlycTh 3T0 GyJeT HEKOTOPBIM
MUHUMaJIbHBIM TIOKa3zaTesraeM HenpepbiBHOCTH (MIIH) Bomnoit cpenpl. C MIIH Bomy
MOKHO CUMTATh HEMPEPHIBHOW MaTepUaIbHON cpenoit ais Ten pazmepoMm 10 cM u Goree.
MunuManbsHasi 0JHOBOJIHOBas (hopma ((hurypa) BOJHBI CO CKOPOCTBIO 3BYKa JIBUKETCS B
HENOJIBIJKHOM HEINpEphIBHOM BOAHOW cpefe. JTa KOHeuHas (auckperHasi) dopma,
coJieprKailias BOJHYIO CpeNy, ABUKETCS CO CKOPOCTBIO 3BYKa U SIBISETCA MaTepUabHbIM
o0BeKTOM. IJTOT 00BeKT ((popma, ¢urypa) cymecTrByeT B BOJHOM cCpele TOIBKO B
JIBUKCHUN C MAKCHUMaJIbHOM CKOPOCTBIO, 3aJ1aBA€MOM CBOMCTBAMHM BOJIHOM Cpelbl — €€

IINTIOTHOCTBIO U C)KUMACMOCTBIO.

'amma-GoTOH — 1UCKpeTHas SJEeMEHTapHas YacTHIlA, JAWCKPETHBIA MaTepUaTbHBIN
o0BekT. Pa3smep omHOBONTHOBOrO ramma-(oToHa, M3 KOTOPOTO MOXET 00pa30BaThCS
3JIEKTPOH MJIM MO3UTPOH, COCTaBIsieT npuomu3uTenbao 2,4x103m. Ecnu ucnons3oBaTh
nonydyeHHbid Beimie MIIH, To pasmep mnpeamonaraeMbIX «IUCKPETHBIX YacTHUID» BO

BcelleHCKOM TIPOCTPAHCTBE J0KEH COCTaBIATh He Gonee 2,4 x10722Mm.

B pesynmpraTe K€ OKCIEPUMEHTOB IO OOHAPYKEHHUIO «3EPHUCTOCTH» (CTETICHU

KBAaHTOBaHMsI) MPOCTPAHCTBA, KOTOPBIE COCTOSUIM B U3MEPEHUU CTENEHU MOISPU3ALNU
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raMMa-u3;Iy4eHuUsl, IPUXOJISIIETO OT JAIEKUX MOIIHBIX UCTOYHUKOB, BBISICHHIIOCH, YTO B
m3nydyeHun ramMma-pciiecka GRB041219A, uCTOYHHMK KOTOPOrO HAaXOAUTCS Ha
paccrosHun 300 MIIH. CBETOBBIX JIET, 3€PHUCTOCTH NPOCTPAHCTBA HE IPOSIBIAETCS
BIUIOTH 0 pasmepoB 108 mM, uto B 10 pa3s menpme IInaHKOBCKON JIMHBI

( https://otvet.mail.ru/question/92896109 ) .

W3 stux nanueix ais Beenenckoro Sp-mpoctpancTBa (SpP-cpefibl) MokHO npuHsaTh MITH
paBHoit 1078 M. D10 — HeBOOOpazuMo Manas BenuuuHa! Ho MOKHO OBITH YBEPEHHBIM,
yto Ha camoM Jnene MHII Sp-cpeast emé meHbie, 0eCKOHEYHO MeHbIe, 10 0-ro

npenena, 10 abCOJIIOTHOM HENPEPHIBHOCTH.

I[BI/I)KGHI/ISI MaTCpHUAJIbHBIX O6’BCKTOB, OoTpaXaromuue U3MCHCHUA HUX HPOCTPAHCTBCHHBIX
MOJIOKEHUN C TCUCHUEM BPCMCHHU, OBIBAIOT pasHbIC B 3aBUCHMOCTU OT (bOpM 9THUX
MaTCpUAJIbHBIX O0OBEKTOB H BUIOB IIPOCTPAHCTB, B KOTOPBIX OCYHICCTBIIAIOTCA

JABUIKCHU.
(DOpMI)I MaTCpUAJIbHBIX OOBEKTOB:

1. HegenuMmble B mpoliecce ABWKEHUS Tela WIM YacTUIbl C TMOCTOSIHHBIM, T.€.
HEU3MEHHBIM B ITPOLIECCE IBMKECHUS MAaTEPUATBLHBIM COJECPKUMBIM.

2. Henmenmumple B Tiporiecce IBMIXKCHHS Tejda WM YacTHUIBI C IEPEMEHHBIM, T.C.
U3MEHSIOIMMCS B TIPOIIECCE JBIKCHHUS MaTEPHAIBHBIM WM CYOCTaHIIMAJIbHBIM
cogepxkuMbiM. K TakuM TemamM M 4acTUIAM OTHOCSTCS 3BYKOBBIE HWMITYJIBCHI
BCEBO3MOXXHBIX YAaCTOT B MAaTE€pHAJIbHBIX Cpelax M CBETOBBIC HMITYJIbChI

BCEBO3MOKHBIX 4acTOT ((DOTOHBI) B CyOCTaHIIMAIBHON SP-cpee.

B cnyuae 1. coxpanstorcss u opma M coAepKMMoOe, Torja Kak B ciydae 2. dopma

COXpAaHSETCsl, HO COAEPKUMOE MEHSAETCHL.
PacnipocTpanénnbie BUIBI MPOCTPAHCTB, B KOTOPBIX OCYLIECTBISIOTCS IBUKCHUS

A. BogHoe mpoCTpaHCTBO.
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b. Bo3aymHoe mpocTpaHCTBO.

B. BceneHnckoe mpocTpaHCTBO.

B cinydyae A. Bce Tenma u uyactuubl Gopm 1, uMmeromue TOJNBKO NEPBOHAYAIBHBIE
UMITYJIbCBI, IBUXKYTCSl OIPaHUYEHHOE BpeMs U3-3a OOJIBLIOTO CONPOTUBIIEHUS CPEIbl, a
BCE Teja M 4YacTulbl GOpM 2, TaKkKEe HMEIOLIME TOJbKO IMEPBOHAYAIBHBIA UMITYJIbC,

ABWIKYTCS JOJITO, HO YracaroT M3-3a BOJTHOBOI'O COIIPOTUBJICHHA BOJBI.

B cinywae b. mpoucxoaut To ke caMoe, 4TO M B ciiydae A., HO JBUKEHHE COXPAHSAETCS
MEHBbIIIE, BBUAY HAINYNAS TMPOCTPAHCTBA MEXKAY MOJIEKYJIaMU BO3/1yXa, a IPOCTPAHCTBO
3TO TPEOOJIEBAECTCS MOJIEKYJIaMU BO3Ayxa co cpenHel ckopoctbio 300 M/C, paBHOMU

CKOPOCTH 3BYKa B BO3QYXC BOJIM3H IMOBEPXHOCTHU 3emiH.

B cinygae B. Bce Tenma w wactuinel  dopm 1, uMeronue TOJBKO TEpBOHAYAILHBIC
UMITYJIbChI, JBUXKYTCS OECKOHEYHO JO0JIT0, BBUAY OTCYTCTBHSI CONPOTHUBIICHUS CPEJIbI
KOCMHYECKOTO TPOCTPAHCTBA. JTO — M3BECTHOE, TAaK HA3bIBAEMOE, JBUKEHHUE 10

HHCPLUH.

N3 vactui popm 2. CylIecTBYIOT TOJIBKO CBETOBBIE UMITYJIbCHI (hOTOHBI). OHU ABMKYTCA
OECKOHEYHO JI0JITO, BBUAY OTCYTCTBHUSI BOJTHOBOTO CONPOTUBIICHUS CPEIbl TPOCTPAHCTBRA.
Takoe nBuxkeHWE MOJOOHO MBMKEHUIO MO WHEPIIMH C TOCTOSHHOM CKOPOCTBIO TENl U

gacTtull GopM 1, HO ¢ 0OYeHBb OOJIBIIION CKOPOCTHIO CBETA B BaKyyMe.

«AOCONIOTHO TBEPIIOE TENO» — TpejaeNibHast a0cTpakTHass Mojaenb. Eciau ¢ abcTpakTHOU
MOJICNIBIO «HICAIbHBINA Ta3» MOYKHO COIOCTaBISITh CHJIBHO pPa3peKeHHBIH ra3, TO ¢
«a0CONIIOTHO TBEPABIM TEIOM» HE COIOCTABISETCS HHUKAKOE PEaTbHO TOCTHKUMOE
cocTtosiHME BemlecTBa. Bo3pbMméM camoe TBEpAoe BemecTBO - anMmas. CKopocTb
MOTIEPEYHBIX YIPYTUX BOJH B HeM mopsyka 10 km/C. CKOpOCTh ke CBETa B BaKyyMe
300 000 xkm/C. MOXHO TOBOPHUTH, YTO CKOPOCTh MOMEPEUHBIX YIPYTUX BOJIH B «TBEPAOM»

Bakyyme B 30 000 pa3 Oosbmie yem B anmMasze. Ho B «aOcomroTHO TBEpPAOM Temne» IO
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ONPEJENICHUIO CKOPOCTh IMONEPEUHBIX YIPYTUX BOJH [JOJDKHA OBITh OECKOHEYHOM.

[ToaTomy Beenenckoe SP-ipoCcTpaHCTBO «TBEPIOE», HO HE «a0COIOTHO TBEPIOE.

Tem He MeHee, Sp-cpena «oueHb UM 04€Hb TBEpPJa». HacTonbko TBEPIA, UTO COBEPIICHHO
He cxkumaetcs. CBeT — MOIepevHble, T.€. CABUTOBbIE BOJHBL. CABUTH MPOUCXOAAT O€3
CXKATUSl M Pa3peKeHHs, T.e. 0€3 3HAKOMEPEMEHHBIX OO0BEMHBIX U3MEHEHUU. UToObI
CABUTH PaCIpPOCTPAHSIIMCh C TaKOM BBICOKOM, HO KOHEUYHOUM ckopocThio B 300 000 xkm/C
Sp-cpena gomxkHa ObITh OYEHb U OYEHBb (0€3yMHO) YNpyroil, HECPaBHUMOW C peaibHON

YIPYyrocThbio HA OTHOTO TBEPJOrO Teja, JaXe aamasa.

VYOpyrocts — CBOMCTBO T€J BO3BpAIIAThCA B UCXOAHOE COCTOSHUE (IIOJIOKEHUE) MOCIIe
CHATUSL J1Ie(OPMUPYIOLIETO BO3ACHCTBUS. YTNPYrocTh  XapaKTepU3ylOT MOAYISIMU
yrnpyroct. McCmosb3yroTcsi TpH OCHOBHBIX MOAyJs ynpyroctu: moaynb HOura (E),

MOJIyJIb CABHUra MM MOAYJb kecTkocTH (G), Moayib 00béMHOTO Cixatus (K).

Crnydaro OJHOPOAHOTO HM30TPOIMHOTO «aOCOJTIOTHO TBEPAOro Tena» Haubojee OJM30K
MOJYJIb CIBUTA, TIOCKOJBKY MOIYJb G XapaKTepu3yeT CHOCOOHOCTh Teja

CONPOTHUBIIATHCS U3MEHEHHIO ()OPMBI TIPH COXPAHEHHUH €0 00BhEMA.

Peanpubie m3Mepenus: nedopmaiuii MOKHO MPOBOAUTH TOJIBKO B 00pas3liax peanbHbIX
MarepuanoB. IIpu 3TOM UCHONB3YIOTCS KaK CTATUYECKHUE, TAK U TUHAMUYECKUE METO/IBI,
HampuMep, YJIbTPa3BYKOBBIE. 3BYKOBBIE BOJHBI — KOJIOAHUS B MACCOBBIX Cpelax.
Konebanusi e B MacCcoBBIX Cpelax TMPOUCXOASAT BCJICACTBHE B3aUMOIEPEXo0/ia
MMOTCHIIMAJIBHOW M KWHETUYECKOW SHEPIuM, IMPUYMHA KOTOPOrO, B KOHEYHOM CYETE,
MHEPIMOHHAsA Macca 4acTull MaTepuaia cpeapl. Ecii, Hanpumep, Ha MOBEPXHOCTH BOJbI
OpoIIIeH KaMEHb, TO C MECTa MAJCHUSI KAMHS PACXOJISATCS KPYTOBBIE BOJHBI U MOCIE TOTO
KaK KaMeHb (MpUYMHA, UCTOYHUK KPYTOBBIX BOJH) Y€ Ha JIHE, T.€. €r0 HET B LEHTPE
KPYrOBbIX BOJIH. KpyroBbie BOJHBI MPOJOJIKAOT PACXOAUTHCS C MECTA MAJCHUSI KaMHS
BCJIEJICTBHE MPOAOIIKAIOIIMNXCS KoJIeOaHUM MacChl BOAbI B MECTE MaJeHUs KaMHs, T.€. 3a

CU€T HHCPHHMHK MACCbl BOAbI B MCCTC IIdJCHHUSA KaMHA. HHepHI/IH MacCChbl SABJIACTCA

84



IIPUYMHOW  B3aUMOIIEPEXOJ0B  IMOTCHLUMWAIBHOM W  KUHETUYECKOM DHEPIUl B
IPABUTAlHOHHOM TI0JI€ 3€MJIM. OTH BOJHBI IIOCTENEHHO 3aTyXalT BCIEACTBUE

COIIPOTHUBJICHUA CPCAbI.

Yro xe OyneT npoucxoauTh B Oe3MaccoBoil cpene? PeanbHO Takas cpena TOJIbKO OJHA —
KOCMHYECKOe TpEXMepHOe mpocTpaHCTBO. OHO 0Oe3maccoBO, OE€3bIHEPLUUMOHHO U
3HAKONEPEMEHHBIX KoyieOaHuii oObémMa B HeM ObIThb He MoxkeT. Tak oHO M ecTh. B
«ycToM» (0€3 AMCKPETHBIX MAacCOBBIX YacTHIl) MPOCTPAHCTBE HE PACIPOCTPAHSIOTCS
HUKaKHe 3BYKHU, CBA3aHHBIE ¢ 0ObEMHBIMU U3MEHEHUAMHU (CKATUSIMU U PA3PEKEHUSIMH).

O0BEM «ITyCTOr0» MPOCTPAHCTBA HE MOKET U3MEHSIETCS, HE U3MEHSIETCH.

HO, BCb, BOJIHbBI B <«IIYCTOM» MMPOCTPAHCTBC BO3HUKAOT W PACIPOCTPAHAIOTCH.
SHCKTpOMaFHI/ITHI)Ie BOJIHBI (CBCT). M kak xe OHU BO3HUKAIOT U pPacinpoCTpaHAOTCA B

OTCYTCTBHE Macc?

OtcyTcTBHE MacChl — HMCTOYHHMKA KOJICOAHWH B HWCTOKE BOJIH O3HAYaeT, YTO BOJIHA
OJIMHOYHA OT OJIHOTO BO3MYTHUTENS (KaMHS B cllydae BOJHOW MOBEpXHOCTH). OmHO
BO3MYIIICHHE Ja€T TOJIBKO OJHY BOJIHY, KOTOpas «yOeraeT» paaudajibHO OT MecTa
BO3HUKHOBEHHS B «ITyCTOM» IIPOCTPAHCTBE CO CKOPOCTHIO CBETa B Bakyyme. M BoJiHa 3Ta
HE 00bEMHASI B TOM CMBICJIC, YTO HE BOJHA CIKATHUS WJIM Pa3PEKEHUS, [IOTOMY UTO 00BEM
B 00bEME HE MOXKET M3MCHSATBLCS, OH MOCTOsIHEeH. EciiM BOJIHA C)KATUS MW Pa3peKeHUS
HEBO3MOXHa, TO MOXET OBITh TOJIBKO CJIBUTOBasi, KOTOpas OCYIIECTBIsCTCS 0Oe€3
00BEMHBIX U3MeHEHUI. B caMoMm jeie, kak 00bEM MOKET U3MEHUTHCA B 00bEMe? Hukaxk,
OH TIOCTOSTHEH BO BCEH O€CKOHEYHOCTH M BEYHOCTH TPEXMEPHOT0 mpocTpancTBa. CIBUTH
Ke 0e3 00bEMHBIX U3MEHEHUM BITOJTHE BO3MOXKHBI, HO OHHU JIOJKHBI OBITh 3aMKHYTHI. Kak

ATO MPEICTABUTH?

PaccmoTpuM m3nydeHue cBeTa MpU M3MEHEHHU SHEPIeTUYECKOrO COCTOSHUS 3JIEKTPOHA
atoma Bopopona. Pasmep atoma Bonoposna orenusaercs B 107° m. Jlns yno6cTBa

PacCMOTPHUM MPOIECC U3ITYUYEHUS] CBETOBOM BOJIHBI Ha IUIOCKOCTH. [lyCcTh Ha paccrosHun
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10% M or meHTpa — MaTeMaTHYECKOI TOYKHU IIPOU3OINEN «CABUI IPOCTPAHCTBa». Kak
OTMEYaJOoCh BBILIE, CABUT JIOJDKEH OBITh 3aMHYT, B JIaHHOM CJIy4ae€ CABUT MOXET
3aMKHYTbCA B OKpyxkHoctH pamuyca 0,5%107%° M.  Ilockombky IPOCTPaHCTBO
«HEBOOOPA3UMO TBEPIO» M COBEPIIEHHO HECKUMAEMO, TO BCS OKPYKHOCTh LIETUKOM
«IIOBEPHYJIACh», IyCTh 110 4acoBoil ctpenke Ha 1072 M cpoeit mmunbl. IIpocTpaHcTBO
o0JiajjaeT OYeHb U OYEHb OOJIBIION YIPYTOCThIO, HO HE Maccoil. [loaToMy, mocine cHITUs
CABUHYBILETO BO3JCHCTBUS OKPY>KHOCTb BO3BpALIAeTCs B MCXOAHOE MOJIOKEHHE, HE
nepecekasl €ro, MOCKOJIbKY HET MHEpUUU (HET Macchl). JTO pa3OBbIA aKT MO YacOBOWU
CTpeNnKe W TMpoTHB HeE. OTOT pa3oBblil cABUr (IpsiMOM W OOpaTHbBIN), BBUAY
HEBOOOPa3UMO OOJIBIION CUJTBI CBSI3U MEXKY JIFOOBIMU OECKOHEYHO MaJIbIMU JIEMEHTAMU
o0BEMa TPOCTpaHCTBA MepefaéTcss Ha COCEJAHHE OKPY>KHOCTH U BOBHYTPb U BOBHE

IICPBOHAYAIIBHO C}IBHHYTOﬁ OKPYKHOCTH.

Ho nepcaada M pacrnpoCTpaHCHHUC CJABHUId BOBHYTPbL OTI'PAHUYHBACTCA HCHTPOM BCCX
KOHOCHTPUYICCKUX Opr}KHOCTCﬁ, TOrla KakK Iepeiada BOBHC HC OIrpaHUINBACTCA HUYUCM,

BBUTY OECKOHEUHOCTH TPEXMEPHOTO MPOCTPAHCTRA.

BoBHe ke, paanalibHO BO BCe HaIpaBlieHUs «yOeraeT» TMOJyBOJHA CABUTA MO YacOBOM
CTpenKe W oOpaTHas MOJyBOJHA MPOTUB YaCOBOW CTPEIKH, a CKOPOCTh ATOTO JBUIKEHUS
— CKOpPOCTh CBE€Ta B Bakyyme. Marepusi MposiBIsieTCS TOJIBKO B ABMKEHHH. CBeTOBasd
BoJIHA (POTOH) — MaTepus, ABMXKYIIASCA CO CKOPOCTHIO CBETA B BAKyyMeE, B «ITyCTOM)
MIPOCTPAHCTBE. A OHO, ATO «ITYCTOE» MPOCTPAHCTBO, €CTh CyOCTaHIusl — SP. DOTOH xKe —
dbopMa, B KaKJI0M HOBOM ITOJIOKEHUU U HOBOM MOMEHTE COCTOSIIIAst U3 Pa3HbIX 00JacTei
HETMOJBUKHOIO TpéxMepHoro BceneHckoro mnpoctpaHcTBa. TpéxmepHoe BceneHckoe
MPOCTPAHCTBO €CTh CYOCTaHIIUA © TPENCTaBlIeHA  IEPBBIM HOMEPOM B IIIKaje
ecTtecTBeHHBIX 31eMeHTOB Bceenennoit (IIEDB) u YpoBueBoit Cucteme ecTeCTBEHHBIX

3JIEMEHTOB BceeeHHON.
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Nneanusm u cyocTanuaausm (Sp-u3m, DCIHHU3M)

B nonsituu (onpeneneHun) cyOCTaHIIMM HUYETO HE TOBOPUTCS O ABMXKEHUM CYOCTAHIIUU.
CrnenoBarenbHO, CyOCTaHIMSI MOXET ObITh HEMOABUXKHA. B MOHATHM (OMpeaesieHUN)
MaTepuy TOBOPUTCA O (PU3NYECKOM BOOOIIE, OTIMYAIOUIEMCS OT ICUXHYECKOTO H
IYXOBHOTO, B OOIIEM, OT CO3HATEJIbHOI'O, MOCKOJIbKY U TCUXUYECKOE U JyXOBHOE —
IIPOSIBJIEHUSA, NPOAYKTHI co3HaHuA. Jlyma, Jlyx — kareropuu co3HaHud. IloaTomy mo
KPYITHOMY MOKHO MPOBECTH I'pajlalinio: cyOcTanuus, Marepusi, co3Hanue. CyocTtaHuus —
CYILIHOCTb, JIeKalasi B OCHOBE BCEro, B OCHOBE W MaTepuu, U CO3HaHus. Matepus —
dbusznueckoe BooOie. Moxer nu guznueckoe BooOIIe ObITh HEMOABWXKHBIM? Het, He
MOKeT ObITh. Ecnm ngaxe Kakoe-TO MaTepHalIbHOE TEJIO HEMOIBUKHO OTHOCUTEIHHO
JIPYroro Wi JPYrux Tell, TO 3TO «HEMOABUKHOE» TeJ0 00s13aTeIbHO UMEET BHYTPEHHEE
JIBUKEHUE — JBW)KCHHUE DJIEMEHTApHBIX YaCTHIl, MO0 MEHbIIEH Mepe, KoiebarenpHoe. B
UTOre, MaTepusi HUKOIrJa MU HUrie He ObiBaeT HemoaBuxkHOW. Her marepum 6e3

JABUIKCHU. I[BI/DKGHI/IG HCOTACIINMO OT MAaTCPHH.

JIBrxkenue marepuanusyercsi. Matepus asuxercs. Co3HaHME — MPOAYKT «CO3HATEILHOM
Matepumn», 4esioBeka, Jroaen. Tonbko mu? ['sad Ha XUIHUKOB, HAIpUMEp, Ha CTaro
BOJIKOB, OXOTSIIMUXCSI Ha OJICHEH, HE BO3MOXHO HE YBHUIACTh B HX JCHUCTBUAX
«CO3HATEJIbHBIX JNBMKEHHI». [IpocTo y nroger CBOE CO3HAHWE, Y )KMBOTHBIX — CBOE. Y
pacrenuii? Mx mnoBopauuBaHue K CoOJIHIly HENb3sI HE CUYWUTATh «CO3HATEJIbHBIM
NBWOKeHHEeM». KieTku pacTeHuil, >KMBOTHBIX M Jrofei? Pa3Be uX JBUXKEHHE HE
«co3HaTeabHO»? Bo3bMEM NBMKEHHE aTOMOB M MOJIeKyJI. OHU JBHKYTCS TaK, YTOOBI BCS
cuctema (aHcamb6iib) MOJIeKyN (aTOMOB) mpuoOpena MUHUMYM 3Hepruu. PasBe 3To He
«co3HaTenbHOe ABWKEeHUEe»? Torma, IBMKEHHUE MaTEPUU «CO3HATEIBHO», IMOTOMY YTO
OHO TPOTEKAET MO ONPEACTEHHBIM «Pa3yMHBIM» «CO3HATEJIbHBIM 3akoHam». Ho rae
«MECTOIIOJIOKEHHUEY» ITUX «PA3yMHBIX» «CO3HATEIbHBIX 3aKOHOB»? He B ajeMeHTapHBIX
JacTHUIIaX, aToMaxX, MoJIeKysax. OHU 00JaqaroT JIMIh HA0OPOM XapaKTEPHUCTHK: MACCOH,

QJICKTPUYCCKUM 3apsaa0M, 6apI/IOHHI>IM 3apAaa0M, MarHuTHbIM MOMCHTOM, ... . 3aKOHBI
87



JBUKEHUS IHIIb PEArHpPYIOT» Ha 3TH WHANBUAYATbHbBIC XapaKTePUCTUKHN MaTepun. Tak,
I7Ie K€ MECTOIOJIOKEHUE «CO3HATENbHBIX 3aKOHOBY - 3ak0HOB [Ipupoasi? B maTepuu nx
HeT. 3HA4YUT, BHEe MaTepur. BHe MaTepuu MOXKET OBbITh TOJIbKO HeMaTepuaibHas
(momarepuainbHasi, mpamaTepuanbHasi) cyOcTaHius. A cyOcTaHIus 3Ta — TpEXMEpPHOE
bu3nUecKoe MpOoCTPAHCTBO, KOTOpoe B YpoBHEBOM CHCTeMe €CTECTBEHHBIX 3JIEMEHTOB
BcenenHoil mpeacTaBisieT €CTECTBEHHBIM (MPUPOHBIN) 3nemMeHT SP. Takum oOGpaszom,
marepuss — Gurypsl (dbopmbl) u3 BO30OyxkAEHHON cyOcTtanmmu Sp. ClenoBarenbHO,

co3Hanue (3akoHbl [Ipupoasl) B cyOcTanuuu Sp.

Coznanue B cyOctaniuu Sp (3akoHbl [Ipupoibl) TOMBKO yIpaBiisitolee, peryjaupylolee,
KOHTPOJIUPYIOIIIEe, HO HE TBopsiee (TBopueckoe). TBopsiee cozHanue y moaeid. OHu
CO3/Ial0T HOBBIE AJIEMEHTHI, HOBbIE MaTEpHaJIbl, HOBbIC TEXHOJIOTHUU, HOBBIE CTPYKTYPHI,
HOBBIC OTHOIIEHUsA, He cymecTBoBaBmue B IIpupome. CybOctanmuum Sp ¢ e
YOPaBISIOUINM, PETYJIUPYIOMIUM, UCIOJHUTEIbHBIM, KOHTPOJUPYIOIIUM, «CO3HAHUEM)
(3akonamu IIpuposr) HEOOXOAMMO TBOpSIIEE COZHAHKUE, YTOOBI COTBOPEHHOE TBOPSIIUM
CO3HAHHMEM IOMOJIHIIO «CBOA 3aKOHOB [Ipuponb». JIroau ¢ ux TBOPAIIUM CO3HAHUEM HE
TOJIbKO TIpOayKThl [Ipuponsl, HO U co3garenu llpuponsl, «kameHIIMKH MHUPO3TaHUN».
[Ipupona, cyOctanmms co3nmana JIroAeH Ui cBoer aBosonuu. lIpenHaszHaueHnue, 1eilb
YeJI0BEeKa, JIOACH — H3BONIOUUS BceeneHHOW. YTBEpKIAEHHE O TOM, YTO CO3HAHHE B
cyOctaniuu Sp, HE O3HAYaeT TMEPBUYHOCTh CO3HAHUS W BTOPUYHOCTH MAaTepUU
(uneanmusm). [lepBuuna cyoctanims Sp. Ot cyocTaHiuu (B cyOCTaHINH, U3 CYOCTAHITIH)
cyOctaniuenr sxe ¢dopmupyeTcss marepus. B marepuu, U3 MaTtepuu, MaTepuel xe
co3na€Tcs TBOpsIIEe CO3HAHME. JTO HE MaTepuain3M, HO cyOcTaHiuamuiMm (Sp-usm,

Dcnuuszm).

HenpepbIBHOCTH U IMCKPETHOCThH
Co3HaHMe OTpakaeT OKPYKAOIKUN MUP. MHUp BUAUTCS U OCO3HAETCSA TUCKPETHBIM. BOT
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OHU: 3BE311bI, AEPEBbS, JIUCThS, IECUMHKHU. .., MOJIEKYJIbl, aTOMBI, JJIEKTPOHBI, IIPOTOHBI,
HEWUTPOHBI, ... . Bc€ B Mupe AUCKpPETHO, BCE MCUMCIUMO, BCE MareMaTH4HO. Co3HaHUE

MaremaTuuHo. [ludarop yrBepxaan: «Bcé ecTh uncia U OTHOIICHUS.

JIUCKpEeTHOCTh ~ TPaAUIIMOHHO (MPUBBIYHO) oco3HaéTcs  abcomtoTHOM. [loHsiTHe
«JIUCKPETHOCTH» YCTOWUYMBO B CO3HAHMM HA MPOTSHKEHUU BCEH «CO3HATEIBLHOW KU3HU

YyejaoBeUYeCcTBa». B aTOM cMbIciie AUCKPCTHOCTDH a0COJIIOTHA B CO3HAHUH.

HenpepbIBHOCTh 0CO3HAETCSI OTHOCUTENIBHOW, OTHOCUTENBHOM BO BPEMEHHU, B UCTOPUU
co3HaHus. Boja Obuta BOIUIOLIEHHEM, HTAJIOHOM, CHUMBOJIOM HemnpepblBHOCTH. CIoBo,
NOHSTHE «BOJAa» HA MHOTHX S3bIKaX O3HA4aeT HEUCUHMCIMMOE, T.€. HENpPEpPBIBHOE.
Oco3HaBanach HEMPEPHIBHOM, HO /O OTKPBITUA MOJEKYyl1 Bojabl. B 3ToM cMmbicie
HENPEPHIBHOCTh OTHOCUTENbHA B co3HaHuM. DakThuecku Bcs Marepusi Bo BceeneHHoi
nuckpeTHa. HempepbIBHO TOJIBKO MPOCTPAHCTBO, TPEXMEPHOE MPOCTPAHCTBO BeeneHHoi,
€CTeCTBEHHBIN anemeHT Bceenennoit — Sp. OTAenbHO B3ATOE pealbHOE TPEXMEpPHOE
IPOCTPAHCTBO OOBIYHO CUUTAETCS MyCThIM. Tak i 3T0? OTBET Ha 3TOT BOIPOC TpedyeT

daHaJIn3a IMOHATHA ITyCTOTHI.

Ilycrora

IIyctora 10 CMBICIY, IO OMNPEACICHUIO U MO CYTH O3HAYaeT OTCYTCTBUE, OTCYTCTBHUE
Bcero, Bcero-Becero. OtcyrctBue Bcero-Beero COINOCTaBUMO C TOYKOH, TOYKOMU
EBknupa. B Touke EBKIMAa HET HUM OOHOIO M3 TPEX pEaNbHBIX WU3MEPEHHUH, U HET
Hwuuero-Huvero, T.e. ona ecte Humuto. Ho  peambHoe TpéxmepHoe BceneHnckoe
[IpocTpaHCTBO HE SBIISIIIOCH, HE SIBISIETCA M HE MOXET SABIATHCA TOUYKOW EBKInma —
Huuewm.

[TIpoBeném MbICHeHHBIN SKCriepuMeHT B KocMoce. Bo3bMEM TOJICTOCTEHHBIN CTAITBHOMU
COCYJl C BHYTpeHHEH MosocThio B hopme kyba B 1 mutp. Cocya MMEET repMEeTHYHYIO

CTalbHYIO 3arayiky. [logcoenMHUM K HEMY BaKyyMHBII HacocC, CIOCOOHBIM OTKAYMBATh
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10, mycth, 10%° I1a. 3ameTM, YTO TOKA TAKMX BAKYYMHBIX HACOCOB HET. MaKCHMAJbHO
JIOCTUTHYTHIA B HACTOAINEE BpeMs BakyyM cocTapisger nopsaka 1072 ITa. IlpumepHo
TaKoM BakyyM MpemoiaraloT B Mexrainakruueckom Kocmoce, rae nomnaratot He 6osee 2
aTOMOB B JIUTpe (pusmdeckoro oobéma. Ho Hamr BakyyMHBIN Hacoc, MycTh OTKAYMBAET HA
2 mopsaka JIydllle CaMbIX COBEpIIEHHBIX HacocoB. Otkpoem B KocMmoce 3armyniky,
BBIJICP)KUM JIOCTATOYHO JJIMTEIbHOE BpeMs, YTOObI BBUICTAIM CBOOOJHBIC aTOMBI,
MOJICKYJIbI, CTAOWJIbHBIC AJIEMEHTApPHbIE YacTHIIbL, ... . OTHUM CJIIOBOM, COACPKUMOE B
COCyle CJIellaéM HJCHTUYHBIM OKpyxatmemy Kocmocy. 3akpoemM TrepMETUYHO
3aryIylIKy M BKJIFOUMM Halll BAKYyMHbIM Hacoc. Uepes 10CTaTOYHO JJIUTENbHOE BpEMsi
HEMPEPHIBHON OTKAYKU JABJICHUE B COCYJE CTAHET HE MEHEE YeM Ha 2 MOpsAKa HIKE
napiieHus B okpyxkatoiem Kocmoce. Ho ecnu maxke oOTkadaHbl BCE aTOMbI, MOJICKYJIBI,
WOHBI, pajvKaibl, CTAOUJIbHBIE AJEMEHTApHbIE YACTHUIIbI, TO U B 3TOM CJIy4ae COCY]l HE
Oyner myctbiM. OCTaHyTCsl, HEUTPUHO, TPABUTAIIMOHHOE TIOJI€, JJISI KOTOPHIX HET
HUKAKUX IOIJIOTUTENEH M 3KpaHOB. Ho mycTh y Hac uMeeTcs TakoW 4yao-maTepuall,
KOTOPBIH MOTJIOIIAET, 3aXBAaThIBAECT BCE HEUTPUHO, U IKPAHUPYET TPABUTALMOHHOE II0JIE.
OTUM  YyJ0-MaTepuajoM, IYyCTh, IOJHOCTBIO TOKPBITA BHYTPEHHSAS IOBEPXHOCTH
cocyna. B Takom ciydae, cocyn AoiikeH ObITh A€MCTBUTENBHO MycThIM. Ho ecnu cocya
IyCTOM, HE COEPKUT HUKAKON TUCKPETHON MATEPUU, HU PEATLHOW, HA BUPTYAIBHOU, TO
OH JIOJDKEH CKAThCS TaK, YTOOBI BHYTPEHHOCTh COCYZa CTajla TOUKOM, Touko EBKiuma,
Huuem. OgHako 3Toro He npoucxoaut. Yto ke ocraércs B cocyne? ... Benb, 4To-TO
ocTa€Tcsl, €CliM HE CKUMAaeTcs (HEe CXJIONMBbIBAETCS, HE KOJUIAIICUPYET) B TOUuKy EBkinna, B

Huuro!

OBBEM! OGbrunblii TpéxmepHblii 006EM B 1 nuTp B KyOuueckoil (opme BHyTpeHHEN
nojioctu ctanpHoro cocyna! Tombko 3TO0 ocTtaércs B cocyne. M He reomerpuuecku
aOCTpakTHBIN, a (QU3WYECKH pealbHbI. JTOT (uU3MYecKuii 00BEM, CBOOOAHBIA OT
aTOMOB, MOJIEKYJ, MOHOB, PAJUKaJOB, SJIEMEHTAPHBIX YAaCTHI], (PU3NYECKUX TONEH, U

COCTaBJISIET MIPOCTPAHCTBO — Cpely Nepeaadyn B3auMOACICTBUM, cpely paclpOoCTpaHEHUs
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AJIEKTPOMArHUTHBIX BOJIH, POTOHOB. DTO — Sp-cpena.

KoHeyHO, MOXHO MpeACTaBUTh HEKOTOPbI TpPEXMEpPHBI 00BEM 0€3 JAUCKPETHOU
Marepuu. Ho 0e3, Tak Ha3bIBaeMOM, IOJICBOM MaTepuud TPEXMEPHOE MPOCTPAHCTBO
TepsieT (u3NUecKoe HamoiHeHue, ¢u3nueckuii cmbicia. Kakoil moneBoir marepuu?
CuUnoBBIX TPaBUTALMOHHOTO U 3JIEKTpUYecKoro, Hanpumep. Ho onu numerot pusnveckuii
CMBICII TOJIbKO TOrjaa, Korga «du3uyeckue moish» C HMX JUCKPETHBIMH (Jaxe
BUPTYalbHbIMU) (GepMUOHAMU W 0030HAMHU COJEpPKATCi B HEKOTOpOoH (usmyecku
peanbHON cpelie, a He B a0CTPAKTHOM «IIyCTOM» TIpocTpaHcTBe. [loTromy 4TO «ImycToit
TPEXMEPHBIA 00BEM», JaKe IJIOTHO YIMAKOBAHHBIM  JAUCKPETHBIMU (EepMHUOHAMH U
0030HaMH 00s13aTEIBHO JOJKEH UMETh pa3rpaHUUUTEIbHbIE HE MATEPUAIIbHBIE ITYCTOTHI
Mexnay Humu. HWuade, Bce GepMHOHBI U OO030HBI JOJDKHBI CJIUTBCS B HEYTO
HeBOOOpa3zuMoe u oJlHOpoHoe. be3 cpenbl TpEXMEpHOTo MPOCTPAaHCTBA YHCIIOBBIE TOJIS
OCTalOTCSI TOJBKO BOOOpa)kaeMbIMU (HE CYHIECTBYIOIIMMH) TMOJSIMH  4YUCENT —
a0CTpaKTHBIX MATEMATHUYECKIUX 0OBEKTOB.

B MbICIIEHHOM 3KCIIEPUMEHTE CO CTaIbHBIM COCYJOM B KOCMOCE BHYTPEHHHI 00BEM €ro
COBEpIIEHHO peanucTuyeH. W B 3TOM peallbHOM TpEXMEPHOM O00bEME HET HU
JTUCKPETHOW MaTepuu, HU (PU3UIECKUX ToJIeH, HO 00BEM ero peaneH. M3 dyero e 3ToT
peaIbHBIN TPEXMEPHBINA 00HEM?

bynem npoOuth 5TOT 00BEM 1O CIOXKHUBIICHCS TPaauIlUM TIOMCKA JTHUCKPETHOM
HegenmnMon matepun. Ho ckobko OB MBI HU IpOOWIIH, BCE BpEMs HATAJTKHBAIKNCH OBl HA
Te XKe «0OBEMUYMKM». Jlenss yCcIoBHO MPHUHSATHIA 3a €IUHUILY MEPBOHAYAIBHBIN 00BEM
naxxe Ha 10 B cremensix 10, 100, 1000, ..., ™Mbl He HaiaéM HUYEro KpOME MaJoro,
OECKOHEYHO Majoro Bc€ TOro ke «oO0béMuMka». beckoHedHoe aeneHue HHUKOTAAa He
npuBeA€T K 0, K OTCYTCTBHIO «OOBEMYHMKA», MO0 MEIUTh MOXHO OECKOHEYHO U
OeCKOHEUHO MaJlbIi «00bEéMunKy». Eciu Bc€ ke KakuM-1u00 00pa3oM yaaioch Obl IOHTH
7o 0 B momaroBoM ApOoOJEHUM KaXKIOrO0 M BCEX OCTATKOB MOIIArOBbIX YacTeu

IpoOJICHUST TIEPBOHAYAIBLHOTO 00BEMA, TO BECh JTOT IEPBOHAYAIBHBIM KOHEYHBIN
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peanbHblil 00bEM 0Opatuics 0l B 0, B Touky EBkinga. Ho noctuus 0-151 CKOJIB YroJHO
OECKOHEYHBIM JICJICHUEM HEBO3MOXHO B mnpuHuumne. OcTta€rcss npus3HaTh, NPUHATH
¢uznueckuii 00bEM  HENpephIBHBIM OO0BEKTOM 1O (akry ero (pusnyeckoro
CYyILIECTBOBAHHSI.

Hpobuth, IeauTh [0 HEACIUMOIO0 MOXXHO TOJBKO JUCKPETHYIO MaTepuio. A
HEIpepbIBHAsL CYIIHOCTb JEIUTCS  OECKOHEYHO, M HUKOIJla HE JOCTUraeT KOHEYHOIO
HEJEIUMOT0, BBUAY OTCYTCTBHUS HEIEIMMOIO MO OmnpeaencHuro. TakoBa HempepbIBHAs
TpéXxMepHasi SP-cpejia KOCMUYECKOTO MTPOCTPAHCTBA.

TpyaHo mnpencTaBUTb HEKOTOPBIA TpEXMEpPHBIM 00bEM 0€3 NPUBBIYHOM JAMCKPETHOU
MaTepHuH. 37eCh IOBJIEET MHOTOThICAUEIETHEE MpeACcTaBlieHne 00 OKpy»KaromeM Mupe.
[loHsiTHE MYyCTOTHI BCET/Aa CBSI3BIBAJIOCH C OTCYTCTBUEM JUCKPETHBIX MAaTEpUAIbHBIX TET,
yactuil. Chesnu BCe SAT0JIbl B KOP3WHE — KOp3UHa mycTasi. Beimunu Bc€ BUHO U3 ampopbl —
amdopa mycras. OTkayaJld BeCh BO31yX M3 coCyda — COCyJ IycTo. Ynanuinu Bce
AJIEMEHTAPHBIE YACTHUIBI U3 CTAJIBHOIO COCYZAa B MEKIaJaKTUYECKOM IPOCTPAHCTBE —
CTAJIBHOM cocya IycToM. Marepus Bcerzaa accCouuupoBallach ¢ JUCKPETHBIMA BECOMBIMU
TEJIaMH, MAacCOBBIMHU 3JIEMEHTAPHBIMM YacCTHIIAMM, SKOOBI Oe3MaccoBbIMU (DOTOHAMH,
0e3MaccoBbIMU (PU3UYECKUMHU MOJAMHU (HOJAsAMU B mycToTe(?)), W TaKyl MaTEpHIO
nomemanu B IIYCTOE TIIPOCTPAHCTBO, mycroii 00BEM. Beixoamno Tak, 4ToO

mareputo nomemianu B ITYCTOTY, B Huuro, B Touky EBkinja.

Tpynno mnpencraButh, yto I[IYCTOTA — otcyrctBue Bcero-Bceero, B Tom uucne u

¢usnuecku peansnoro OFBEMA.

Paccmotpum 1o omHOMY KyOy 00BEMOM, MyCTh, B | JHUTP COBEPIICHHOTO KpHCTAJIA,
Hanpumep, KPEMHHUSI M YIOMSHYTOT'O BBIIIE TOJICTOCTEHHOI'O CTaJbHOTO COCYZa, KOrjaa B

HEM OyJeT comepxkaThes He 6ojee 2 aTOMOB.
Hauyném mMbIcieHHO pa3pe3aTh KyO COBEPIIIEHHOTO KPUCTAIIA KPEMHUS IIIOCKOCTSIMHU
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EBkinga, nmapanienbHbIMU TpéM 0a30BbIM IpaHsM KyOa. O4eBUIHO, Ja)Ke MBICIEHHOE
paspe3aHue BO3MOXKHO TOJIBKO TaM, II€ HET HEACIUMOW IUCKPETHOW Marepuu. bynem
paspesathb 10 TeX MOop, MOKa B KAKJI0M MHUHUMAJIbHOM KyOMKE HE OCTaHETCS OTAEJbHbIN
aTOM KpeMHHs. DTO — IepBas TUCKPETHAS YaCTHUIA MATEPUU, HA KOTOPYIO HATOJIKHYJIUChH
B [IPOLIECCE MBICIEHHOTO pa3pe3aHus KyO0a KpeMHHs. DTH aTOMBbI TOXKE MOYKHO pa3pe3aTh
TOJIBKO J0 TOr0, KaK HAaTOJKHELILCS Ha HEAEIUMYIO DJIEMEHTAapHYyI0 yactuny. B aromax
HEJEJIIMMBIMU DJIEMEHTAPHBIMU YaCTULAMM SBJISIOTCA TOJIBKO DJJIEKTPOHBL. Slnpa ke
aTOMOB JIeTUMbl Ha HYKJOHBL. 3HAYUT MOXKHO MPOJOJKATh pa3pe3aTh JUTPOBBIA KyO
KpemHus. [Ipoaoikum nmporecc MbICIIEHHOTO pa3pe3aHus B sIpax aroMa KpemHus. SAnpa
— BTOpasi AMCKpeTHas marepus. [IpogomkuM pa3pe3aHue U HaATOJIKHEMCS Ha HEUTPOHBI U
IPOTOHBI SiIpa aToMa KPEMHHUSI. ITO — TPEThsl AUCKpeTHAst maTepus. [Iponomxum nanpuie
pa3pesarb. [ 0BOpAT, HATOINKHEMCS Ha KBapKU, KOTOPBIE COCTABIISIIOT U HEWTPOHBI, U
IIPOTOHBI spa aromMa KpeMHHs. KBapku, IMojararoT HbIHE, NOCJIEIHUE 3JIEMEHTapHBIC,
T.€. HEACIMMBIE [HUCKPETHBIE 4YacTuLbl. Jlajliee MpoLIEcC MBICIEHHOIO pa3pe3aHus
HEBO3MOJKEH U HE UMEET CMBICIIA, IIOCKOIBKY KBAPKH, CUUTAIOT, HE COCTOAT U3 KaAKUX-
anbo Oojee MENKMX  4YacTUl] AMCKpeTHoM Marepuu. KBapku mnonararorT mpeneiaom
JUCKpETHOU MaTepuu. Jlaee nuckpeTHas Matepus He aenuMa. JlalbHeuliee pape3anue
JUCKPETHOM MAaTE€pUHM Ha HBIHEIIHEM YpPOBHE IIO3HAHUSA IIPUPOJBI HEBO3MOXKHO.
HeBo3MOXKHO, HE HMMEET CMBICIA, I[IOTOMY YTO Ha KBapKaxX KOHYAETCA IIOHATHE

JTUCKPETHON MaTEpHHU.

[IpoBeném momoOHBIE pa3pe3aHusi BHYTpeHHEH KyOWYECKOW MOJOCTH MOATOTOBICHHOTO
CTaJIbHOTO cocyaa. TaM HEeT HUKaKuX APYTruX 4acTHUIl, KPOME JIByX aTOMOB. Takxke Kak u
B CJIy4ae C KPEMHHUEM PA3PEKEM JI0 JIEKTPOHOB U KBAPKOB B S/Ipax 3TUX JIBYX aTOMOB. B
ATHUX aTOMax JAJbHEWIIIEE pa3pe3aHue HEBO3MOXKHO, IOTOMY YTO 3JIEKTPOHBI U KBAPKHU
«a0COJIFOTHO TBEPBI» M HE JENATCs naxe MbicienHo. Ho, a B octaBmemcs o0péme? Her
HHUKaKUX OTPpaHUYEHUN K JajbHEWIIMM paspe3anusM. Hukakoro mpenena paspes3aHus

HCT. HOTOMy YTO B OCTAJbHOM 00BEME HET HUKAKHX HCACIIMMBIX 3JICMCHTAPHBIX YaCTHII.
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Ho stor xy0 nauTpoBoro o0bméMa 0€3 3JIEKTPOHOB U «KBAPKOB» COBEPIIECHHO peajcH.

Peanen 00béM.

TpyaHO NpeACTaBUTh, MOHATH, NpuHATH, uto IIYCTOTA — orcyrctBue u OBBEMA.
TpyAaHO MpeoAoneTh THICSYENETHIO TPAaAULUIO0 (MPUBBIYKY) AUCKPETHOTO YHCIOBOIO
MaTeMaTH4EeCKOrO BOCHpHUATHS Marepuu. Ho ecnu 3T0 mpencTtaBuTh W NPUHATH, TO
I[IYCTOTA — Ttouka, B KOTOPOM HET HU OAHOTO U3 TPEX PU3MUYECKUX U3MEPEHUN, TOUKA
EBkinga, marematuueckass aOCTpakiMsi, KOTOPOW HET, U HE MOXET OBbITb HUT/E U

HUKOT1a B IIpUpoAE, BO BeeneHHOM.

Co3HaHue Ha MPOTSHKEHUM THICSY JIET MOMEIIAIO MAaTEPUIO B MMYCTOTY, B TO, YETO HET U
OBITh HE MOXKET. BceBo3MOkHBIE MOJIEH 3(Pupa MPEACTaBISIOT UMEHHO 3TO, MaTEPHIO,
sUpHBIE YaCTULIBI B MycTOTe. JIMCKpeTHbIE HEBUAMMbIE HEIETUMBbIE YacTHIbl 3(upa
(amepbl, aToMbl, >(QUPOHBI) ONpEACIEHHBIX, Yalle IIAPOBBIX (QOpM, BHUPTYaJbHBIC
JJIEMEHTApHbIE YaCTUIBl C OTPULATEIBHBIMU JHEPIUSAMU IIOMEINAINA B IIYCTOE

IMPOCTPAaHCTBO, B TOUKY EBKJII/II[a, B TO YETO HET U OBITH HE MOJKET.

B peambHOCTH K€ ecTh TpéxmepHoe (GU3HUECKOEe MPOCTPAHCTBO OECKOHEYHOU
Bcenennoii. I MMEHHO B 3TOM pEAIBHOM MPOCTPAHCTBE COAEPKHUTCS TUCKPETHAS
MaTepHsl: AJIEMEHTApHbIE YaCTUIIBI, aTOMBI, TeJa, HEOECHbIE Tela, CHCTEMbl HEOECHBIX

TeN; GU3NICCKUE TTOJIA.

HyHO BCero IuIIb MPECTaBUThb, MPHHATH: Tpéxmepubii OBBEM, TPEXMEPHOE
I[TPOCTPAHCTBO ectb HemnpepbiBHAs pealibHasi CYIIHOCTh, peaibHas cpeia, B KOTOPOil
BO30YXIaroTcs (pr3udecKue mojsi, B KOTOPOH BOSHUKAIOT U YHUUTOXKAIOTCS JTUCKPETHBIC
AJIEMEHTapHbIE YacTHUIlbl, aTOMbI, Tejla, HEOECHbIE TeNa, CHUCTEMbl HEOECHBIX Tel.

PeanbHoe, npuHUMaBIIEECs «IIyCThIM», TpocTpaHcTBO HEe MoxeT ObiTh [TYCTOTOU —

abcTpakTHOM Toukoit Epkmuma. CremosatensHo, OBBEM, ITPOCTPAHCTBO ects
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OCCCTPYKTYypHasi  HENpEephIBHAS CYIIHOCTh, B OTIMYUE OT NPUBBIYHOM JIUCKPETHOMU

MAaTEpUH.

Sp-mipocTpaHCTBO MpeACTaBIseT cO00W HEpa3phIBHOE, MOTOMY HETPEPHIBHOE peallbHOE
TpéxmepHoe  lIpocTpanctBo  BceeneHHOW, — ABIAIOIIEECS — CPENOW  mepenadyu
B3aUMOJICHCTBUN TUCKPETHOW MAaTEepUM, CPELOM pacHpOCTPAHEHUs IEKTPOMATHUTHBIX
BOJIH, ()OTOHOB, HEUTPUHO. OJHO HEMPEPHIBHOE MPOCTPAHCTBO HA BCIO OCCKOHEUHYIO
Bceenennyro. OmpnooOpasHasi Sp-cpena Bo Beert OeckoHeuHoU BceeneHHoU. [IuCKpeTHBIX
(QJIEMEHTapHBIX YacCTUI[ SP» HET BOOOIIE, MOCKOIbKY Sp-cpeia Hepa3pblBHA U
HeTpepbiBHA. MOXHO TOJIHKO MBICICHHO BBIICTSATH CKOJb YTOJJHO Majible U CKOJIb YTOJTHO
OompIIMe 3JIeMEHTHl 00bEMa B OECKOHEYHOM HENPEPBHIBHOM  SP-TIPOCTPAHCTBE —
HEeTIPpepBIBHOUN cpene, Sp-cpexe. B atoli cpeae aBmxkyrcs ¢GuUrypbl, (GOpMBI aTOMOB,
MOJIEKYJI, IOHOB, JJIEMEHTApPHBIX YAaCTHIl U3 «Marepuanay xe Sp-cpenbl. B aToi ke
cpele IOBUXKYTCS Tena, HeOecHble Teja, IUIAHEeThl, 3BE3/bl, TaJaKTUKH, TaJaKTHUYEeCKHUe
CUCTEMBI, cocTosIue U3 GUryp, Gopm s3neMeHTapHBIX YacTUIl U3 «MaTepHuaia» ke Sp-
cpensl. «Matepuan» e, TouHee cyOcTaHIusl SP-Cpelibl — AJIEMEHT SP, MPOSBIIAIOMUNCS

dbu3uUecKu peaqbHbIM Hepa3pbIBHBIM U HenpepblBHBIM OB bEMom.

Sp-pocTpaHCTBO, SP-Ccpelia MPUHIMIHAIBLHO OTJIMYAeTCs OT BCEX Mopenei adwupa.
Ecnu B apupe nuckpernas matepus (B 061ieM, 3UPOHBI) COASPKHUTCS B IYCTOTE, TO B
Sp-mpocTpaHCcTBE AUCKpETHAsT MaTepust (AIEMEHTApHbIE YaCTHIIbI, TeJa, HEOECHBIC Tela)
COJICP)KUTCS B HEIPEPBIBHOW SP-cpefie, B aOCONIOTHOW CYITHOCTH — (U3HUYECKU

peanbHoM HenpepsiBHOM OB BEME.

O0BEM — HenpepbIBHASA CYIIHOCTb, CyOCTaHIUs, IpaMaTepusi. DTO TPYAHO MPEICTABUTH
u npuHATh. [loTOMYy YTO HempepbhiBHAs CyOCTaHIUS He maércsa B omrymieHusx. He
ONIYIIAETCS, MOTOMY 4YTO BCE OIIYIIAIOIIEE COCTOMT M3 AUCKPETHOM Martepuu. Bces
JUCKPETHAsI MaTepusi «aOCOMIOTHO MpO3pavyHa» AJisl HenpepbIlBHOU cyOctaniuu. [loromy
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YTO JUCKPETHas MaTepHsi COCTOUT M3 HENPEpPhIBHOM CyOCTaHLMM - IpamMaTepuu. ITO
TPYAHO mpeactaBuTtb. Ho 3TO0 MOXHO M HYXHO NpPEACTaBUTb U MNPUHATH, YTOOBI HE
«MOBUCATh» B MHOTOMEPHBIX «(PU3NYECKHX MPOCTPAHCTBAX)», AXKE B YETBIPEXMEPHOM,
HE TOBOPS YK O 28-MepHOM wiH |1-MEpHOM IpOCTpaHCTBax «CTPYHHBIX Teopuii». B
pPEAIBHOCTH €CTh TOJBKO TpPEXMEpHOe (usnueckoe npocTpaHcTBO. OOBIUHO IyCTOE
MIPOCTPAHCTBO MOHUMAETCS KaK MPOCTPAHCTBO, CBOOOJHOE OT AUCKPETHONW MaTepUH, Kak
nyctoTa. TakoBO ObLIO MOHATHE a0COMIOTHOrO MPOCTPAHCTBA B IpaBUTalu HproToHa U
B ANEKTPOANHAMHUKE Purna

(http://www.universalinternetlibrary.ru/book/35978/ogl.shtml). TakoBo  moHsATHE

IPOCTPAHCTBA U BO BCEBO3MOXKHBIX MoJiessiX 3gupa. Ho mycroe npoctpaHcTBo, mycToTa
O3HAYaeT OTCYTCTBUE BCEro: W JIMCKPETHOW MaTepuu U HempepbiBHOW cyOctanuuu. Ho
OTCYTCTBHE BCEro — To4ka EBKiIMAa, KOTOpas €CTh W HECYOCTaHIMsS, U HemaTepus —

Huuro.

NHorma roBopsT, 4YTO HW3MepuUMble (HU3UUECKHUE CBOWCTBA OIPEACISAIOT MAaTEPHUIO.
Hanpumep, wu3MmepsieMble 3JEKTPUYECKUE U MArHUTHBIE HANPSXKEHHOCTU OINPEEIISIOT
MaTepUAIbHOCTh DJJICKTPUUECKUX M MAarHUTHBIX TMOJIEM, W Ha 3TOM OCHOBAaHUHU
3aKJTIOYAIOT, 4YTO (U3UYECKHE TIOJISI BBISBISIOT MaTepUalbHOCTH mpocTpaHcTBa. Ho
dbu3udeckue 1oJigs, B KOHEYHOM CYETE, KOrJa pedb 3aXOIUT 10 YHUCIOBBIX BEIMYUH
HaIPsHKEHHOCTEH M APYTuX (PU3MUECKUX XapaKTEPUCTHUK (CBOMCTB) €CTh JIUCKPETHBHIC
YUCJIOBBIC TMMOJS. MareMaTH4eCKue YHUCJIOBBIE IMOJS OOpeTaroT  (PU3UMYECKUM CMBICT
TOJILKO B TOM CIlly4ae, €CIM OHH <« COBMEHIAIOTCA» C CyOCTaHIIMAIbHOW WIIH
MaTEepUAIBHOW CYITHOCTHIO. HeT, He CBOMCTBa B UMCIax ONPENCIISIIOT IMIPOCTPAHCTBO, A
MPOCTPaHCTBO-CyOcTaHIusl dopmupyeT (3a1aéT) CBOWCTBA JTUCKPETHBIX MAaTEPHid
(mMaTepuanbHble cBOMcTBa). OUIyIIAOTCS, HU3MEPSAIOTCS W BOOOpPaXKAIOTCS CBOMCTBA
TOJIbKO JHCKPETHOW MaTepUH, PEaJIbHbIX 3JIEMEHTapHbIX (Heaenumbix) yactull. Camo
HEMPEPBIBHOE MPOCTPAHCTBO-CPE/Ia MPOSBISETCS TOIBKO TPEXMEPHBIM 00BEMOM BO BCE

Bcenennoi. IlycTtoTa — He mycToe nNpoCTpaHCTBO, MyCTOTAa — OTCYTCTBHUE MPOCTPAHCTBA.
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Bceaennas DcnuraiHast

Bcenennas ectb. Beenennasa Obuta. Beenennas OyaeT. OTH yTBEpKACHHUS HEOCTIOPUMBI.
[To MeHbIIEH Mepe, BO BPEMEHU CYIIECTBOBAHHUS YEJIOBEUECTBA, pa3yMa YeJIOBEUYECTBA.
[IpOoTUBOMOIOKHBIX YTBEPKIACHUN YEIOBEUECKUN pa3yM HE CIOCOOCH HU IMOKa3aTh, HU
nokazath. CrneoBaTeIbHO, 3TU YTBEPXKICHUSI MOXKHO NMPUHATH 3a HCTUHY. Tak ObLIO,
ectb U Oyzner Bcerna. M torma, xorma He Obuto ConHia, He ObUIO 3eMiH, HE OBLIO
yejoBedecTBa, He Obl10 Bac, He ObL10 Hac, U He OyneT Hu 3emud, HU CoHIIA, HU TEM

o0ostee Bac u Hac.
M3 yero cocTOUT 3Ta BEYHO CyIIecTByroIas Beenennas?

N3 peanbHO CYIIECTBYIOIIMX €CTECTBEHHBIX JJEMEHTOB. YTO CyIIECTBYeT BO
Bceenennoit? TouHee, Kakue €CTECTBEHHBbIE OJJIEMEHTBI, KAaKHE COCTaBISAIOIINE Y

Bcenennoii?
[To xpynmHOMY MOKHO BBIJICTTUTD JIBE COCTABJISIOIINE:
1 — HenpepbIBHAS COCTABISAIOIIAS. DTO — MPOCTPAHCTRO;

2 - JUCKpETHas COCTaBIIAIONIAs BCEBO3MOXKHBIX YPOBHEHW (SApYyCOB) IHCKPETU3AIUU:

AJIIEMEHTApPHBIE YaCTHUIIbI, aTOMBI, TeJla, HeOeCHBIE Tea.
N BCcE 3TO peanbHO CylIECTBYET.

Besikast nuckpernas marepusi koneuHa. Ho Becenennas 6eckoneuna. M 6eCKOHEUHOCTD el
oOecreunBaeT cocTaBisitonas 1 - HempepbIBHOE (PpU3NUECKOe TPEXMEPHOE TIPOCTPAHCTRO.

[IpocTpaHcTBO - mOHATHE, KauecTBO. CyIIECTBYET JIM OHO IPOCTO KaK KauecTBO?

Ecau konwuecTBO KauecTBa HYJICBOC, TO OTO PABHO3HAYHO OTCYTCTBHIO CaMOI'0

KayecTBa. CymecTtBoBaTh J1000€ KA4eCTBO MOXKET TOJIBKO KOJUYECTBEHHO.
KonnuecTBennas peanuzauus Ka4yecTBa  BBIPAXKACTCS KOJINYECTBEHHOMN
NPOTSKEHHOCTBIO.
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[IpocTpancTBO  peanu3yeTcss MNPOTSHKEHHOCTbIO, HEMPEPBIBHOCTHIO,  aOCOIIOTHOU
HEIPEPbIBHOCTHIO. AOCONIOTHAs HENPEPBIBHOCTh O3HA4YaeT a0CONIOTHOE OTCYTCTBHE
Pa3pbIBOB, TPAHUI] PAa3pPbIBOB, B TOM YHUCJIE U KpaWHHX HA BCEU MPOTSKEHHOCTU. 3HAUMT,
a0CoJIIOTHAasT HEMPEPBHIBHOCTh 3TO HENPEPHIBHOCTH Be3je, 0€3 Hadala W KOHIA, HOO
Hayajgo W KOHEIl — KpalHHE pa3pbIBbl a0COJTIOTHOW HEMPEPHIBHOCTH, KOMX HE MOXKET
ObITh 1O OMNpelereHuI0 aOCOMOTHON HemnpepeiBHOCTH. W3 3TOro cnemyer, dYTO

IPOCTPAHCTBO HE UMEET NPOCTPAHCTBEHHOI'O Hayajla, OHO OECKOHEYHO.

Otoro mano. CylecTBOBaTh YTO-TO MOET M MTHOBEHHUE, BCIBIXHYB W IOTAacHYB,
Hanpumep, Kak Benblmika MoiaHuu. Ho BceeneHHas cymiecTByeT HEONPEIeIEHHO
JUTUTENIbHO, HENpepbiBHO. HemocTtaTrouHO HENpephIBHOTO MpocTpaHcTBa. HeoOxommma
JUTUTENHOCTh €r0 CYIIECTBOBAHUS - BPEMS CYILIECTBOBaHHUS. Tak MOSBISETCS MOHATHE,
kauecTBO Bpems. CymiecTByeT Jid OHO H30JMPOBAHHO, OTAEJIBHO OT MPOCTPaHCTBA?
Ckopee Bcero, HEeT. B HeM, B OT/JCIBHOCTH, HET HEOOXOJAMMOCTH, TOMPOCTY OHO HU K
yeMy. B npupone Hetr Huyero, 4yto HU K yemy. Mrak, BpeMsi, Kak OTAEIbHOE Ka4eCTBO HE
UMEEeT cCMmbIciaa. BO3MOXHO 1M, IIpUIAaB 3TOMY «BUPTYAJIBHOMY»  KauyeCTBY
KOJIMYECTBEHHYIO IPOTSKEHHOCTh, T.€. BPEMEHHYIO JUIMTEIIBHOCTh, pPEajnu30BaTh,

MaTepuaIn30BaTh BO YTO-TO CYIIECTBYIOLIEE?

Ecnu mpocTpaHCTBO MBI BUIUM, XOTSI Obl KaK MPOCTPAHCTBEHHBIE MPOMEKYTKUA MEXKITY
YacTHIIAMH, TelaMu, 3BE3aMH, TO BpeMsS Mbl HE BUANM U HE CJBIIIKAM, HU B
MHKpPOCKONAaX, HU B TEJECKONaX, HU B HAYIIHHKAX YCUJIUTEIEH 3BYKOB U3 KOCMOCA.
MoxkeM TOJbKO pacCUMThIBaTh [0 BUIUMBIM W HU3MEPHUMBIM MPOTKEHHOCTIM
MIPOCTPAHCTBA U MO U3MEPUMBIM CKOPOCTSIM MEPEMEIIEHUI TUCKPETHBIX MAaTepUAIbHBIX
O0OBEKTOB BCEBO3MOXXHBIMH dYacamMu. Ho MbI cipimuM HE Bpems, a '"Tukanue"
BCEBO3MOXHBIX 4acoB. Bpemsi He BuanMO U He cibluMo. CymiecTByeT i OHO? «BbITh
WIM HEe OBITh» BPEMEHHM OTAECIbHO, B OTPHIBE OT HENPEPHIBHOM CYOCTaHUUMU U
nuckpetHor matepun? «Bot B uem Bompocy. M OTBET Ha 3TOT BOIIPOC CKOPEE BCETO, HET,
olHO3Ha4YHO U Oe3BapuanTHO - HET!
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Mo>HO noWTH 1o aApyromy nytu. [Ipuienurs, a eme Jydile CKIEUTh, ''CINIaBUTh'', CIIUTh
M3BECTHOE C Heu3BeCTHhIM. CIJIaBUTh BUAMMOE MPOCTPAHCTBO C HEBUIUMBIM U HE
CIBIIIKUMBIM BpeMeHeM. [loiayuuTh CIUTHOE HNpocTPaHCTBOBpeMs. 1 oHO yxke He
BCIIBIIIIKA MTHOBEHUEM, a JJIUTEIbHOE, JaXe BEYHOE CYIeCTBOBaHUE. AOCOIIOTHAs
HEMPEPHIBHOCTh MPOCTPAHCTBA ONpeaeinia (3agana) aOCONIOTHYIO HENPEPHIBHOCTh
MIPOCTPAaHCTBOBPEMEHU, M OHO CYILECTBYET OECKOHEYHO M Be4yHO. DTO Bcenennas c
JIByMsI COCTaBJISIIOIIMMM: HEMPEPHIBHOM U AUCKPETHOW. ThICAYETETUSIMHU TIOHSITHUS
IPOCTPAHCTBO M BpPEMs BOCHPUHUMAIU pPa3/ICIbHBIMU KaTErOpUSIMHU, KadueCTBaMHU.
Haubonee spkuM BBIpOXKEHUEM TaKOTO pa3lieNIeHUs] MOXHO CUHMTAaTh aOCOIIOTHOE

TpéXMepHOC MpOCTPAaHCTBO U abcomoTHOE OJHOMCPHOC BpCMsA II0 HBI-OTOHy.

C navama XX Beka BpCMsA CTAJIM paCCMATpUBATL KaK PAaBHOIIPABHOC MU3MCPCHHUC B 4-
MCPHOM  TIPOCTPAHCTBC-BPCMCHH. Ho u B »31TOoM cilydyac Tpu OAHOPOAHBIC
IMPOCTPAHCTBCHHBIC H3MCPCHHUA W OAHO BPCMCHHOC H3MCPCHUC B 4-MepHOM
IMPOCTPAHCTBC-BPCMCHU PACCMATPUBAIIUCE PASHOPOAHBIMH KAaTCrOpUAMH, Ka4CCTBAMU
JINIIb (I)OpMaJILHO CBOANMBIMHU K OHHOﬁ KaTCropnuu 1nmocpcacTBoM MMOCTOSIHHOM CKOpPOCTH

CBETa B BaKyyMe.
[Ipu maremaTrdecku 0OOCHOBAaHHOM pPacHIUPEHUN 000OIICHHS] XUMHUYECKUX JIECMEHTOB

or Kopotkoit Ilepumommueckoit TabGmuiei MenneneeBa u Jlnunuoi Ilepuoamdeckoit
Tabmunel, pexkomenayemont IUPAC, no YpoBueBori CHCTeMbl €CTECTBEHHBIX JJIEMEHTOB
BcenenHoil Ha MecTe MepBOro HyJIeBOro 3jnemMeHTa B CUCTeMe €CTECTBEHHBIX 3JIEMEHTOB
okazancs siemMeHT Sp - Crmdiices (0T Space — KOCMUYECKoe MPOCTpaHcTBO). O4eBUIHO,
BCE XMUMHUYECKHE HJIEMEHTHI, COOTBETCTBEHHO, BCE 3JEMEHThl YPOBHEBONl CHCTEMBI
€CTECTBEHHBIX  JJIEMEHTOB  BcelleHHOW  SIBISAIOTCS  peajbHO  CYIIECTBYIOIIUMU

AJIEMEHTaMH, T.€. PEaJbHbIMU CYIIHOCTSIMU, CYOCTaHIIMEN U MAaTEpUEH.

Cy1iecTBOBaTh, OBITH — IJ1aBHOE, (DyHIAMEHTAIIbHOE, IPUHIUIHAIBEHOE CBOMCTBO
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cyOctaHuuu U marepud. Yto o3HayaeT ObITh? BBITh BHE BpEMEHHM, B OTCYTCTBUU
BpPEMEHH, B HYJIEBOM BPEMEHHU COBEPIICHHO HE BO3MOXHO. Huuero He ObIBaeT B HYJ€BOM
BpeMeHHU. CyllecTBOBATh MOXHO TOJBKO HA MPOTSKEHUHU KAKOTO-TO BPEMEHH, ITYCTh
OECKOHEYHO MajioM, HO BPEMEHHOM MpoTskeHuu. be3 BpeMeHu, B HYJIE€BOM BpEMEHU
HUYEro CYUIECTBOBaTh HE MOXeET. bbITh — 3HauuT OBITh B ONpEACIEHHOM, B
OTPAaHWYEHHOM WM HEOTPAaHWYEHHOM HHTEpBaJI€ BpeMEHH. be3 BpeMeHHOU
JUIMTETHOCTH YTPAuMBAETCsl CaMO MOHSTHE CYIIECTBOBaTh, ObITh. COOTBETCTBEHHO,

YTpAYUBAKOTCA U IIOHATUA Cy6CTaHL[I/II/I, MaTCpuu.

Nx, cyOcranuuu (mpaMatepun) U MaTepuu, B HyJ€BOM BPEMEHH, B OTCYTCTBUHM BPEMEHHU

NONPOCTY HET.

CymiecTBOBaHHE CYOCTaHIIMM W MATEPUH MMEET CMBICI TOJBKO BMECTE CO BPEMEHEM,
BpPEMEHEM CYIIECTBOBaHMs. Eciau CyOCTaHIIUMS — €CTECTBEHHBIM 3JEMEHT SP, TO Bpems
CYIIECTBOBAHMS — BEYHOCTh, OECKOHEYHO OOJIBIIOe BpeMs. beCKOHeYHOE POCTPAaHCTBO
BceneHHOM, MOXKHO CUHTATh, HEOTACIUMO OT BEYHOro BpeMeHH. OHM IapauieibHBI,
CIUTHBI B OJHOM aOCOJIOTHO HEMPEPHIBHOM, HE HMEIOIIEM BHYTPEHHHMX TPaHUII
pa3peIBOB U Kpa€B MpocTpaHcTBeBpeMenu — Sptime (Spti, Dcmwmrait). AGcomoTHas
HETIPEPBIBHOCTh  MPOCTPAHCTBOBpeMeHH cmuTaiis  (Spacetime) mpemonpenenser,

IPOSIBIISIET, OTpakaeT OECKOHEYHOCTh M BEUHOCTh BeeneHHoil.

VYpoBHeBbie CHUCTEMBI €CTECTBEHHBIX 3JIEMEHTOB BceeneHHoi — 060011eHne Y poBHEBBIX
Cucrem xumuueckux 37eMeHTOB. OOO00IIeHHEe XHUMHYECKHX 3JIeMEHTOB KopoTkoit
[lepuognueckoit Tabmumeit MenngeneeBa u J{nuaHoit Ilepmomnueckoit TaGmuiei
XAMHYECKUX  JJIeMEHTOB, pekoMmeHmoBanHoit IUPAC, saBmsercs o0oOmieHnem
MaTepHATBHBIX XUMHYECKUX JIEMEHTOB MaTepraibHOW BcenernHo 10 cyOcTaHranbHO-

MaTEepUATBHBIX €CTECTBEHHBIX JIEMEHTOB BcemeHHou.

Bonoposa — rinaBHblii (epBblii) 37eMeHT 4-YpoBHEBbIX Ta0ui XUMUYECKUX 3JIEMEHTOB.
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OH B TEXHOJIOTMYECKOW MPaKTUKE U HE MPOTUBOpeuuT ¢uiocoduu, T.c. Bomopon —

MaTepud U I HACAINCTOB, U 1JIsI MAaTCpUAaJIMCTOB.

Sp — rnaBHBIM (MEpBBIM HYJIEBOM) 37eMeHT YpoBHEBBIX CHCTEM  €CTECTBEHHBIX
saneMeHTOB BcenenHoil. BBeneHue ero B TEXHOJOTMYECKYIO MPAKTUKy Tpedyer
JUINTETLHOTO BpeMeHW U Oonbliux (UHAHCOBBIX 3aTpaT. lIpoTMBOpeunuT 1M OH
¢unocopun? beITh UM HE OBITH SP peanbHO CylecTBYIOLIEH cyOcTanue? BoT B uem

dunocodekuii Bompoc.

Coznanue. Martepus. Uto mnepBuuHOo, Matepuss uiau co3HaHue? CyliecTBYIOT JBE
MPUYUHHO-CIIC/ICTBEHHBIC JIOTUKU: 1) CO3HaHWE — MPUYUHA, MAaTepUsl — CJIEACTBUE; 2)
MaTtepusi — MpUYMHA, Co3HAHUE — cleacTBue. [IpuaepkuBaronuxcs Joruke 1) OTHOCIT K
ujeaqnucTaM, a JIOTMKe 2) — K MaTepHajucTaM. DTH JBE W3BEYHO aHTArOHUCTUYECKHUE
JIOTUKU HenpuMupuMbl. Ho 00e oruku nmpu3HaroT cyliecTBoBaHWe MaTepuu. He BaxkHO,
YTO W3 HUX NPUYMHA, M 4YTO CJeACTBHUE. BakHO, 4TO MaTepusi NMPU3HAETCA peabHO
CyIIeCTBYIOIIEH B 00enx jorukax. OTBiaedEMcst OT HEIPUMUPHUMOCTH JIOTUK CO3HAHUS, U
COCPEIOTOYMMCS Ha TIPU3HAKE, CBOMCTBE CyOCTaHIIMM U MATEpUM — CYIIECTBOBATh. UTO
3Ha4YMT cymniectBoBaTh? CyiiecTBoBaTh — OBITh. bbITh cKONMbKO? CKOMBKO dYero?

Bpemenu, oueBuiHO.

Cy1iecTBOBaTh — 3HAYUT OBITh Ha MPOTSIKEHUH Kakoro-to BpeMeHu. ClienoBaTenbHO,
CyIecTBOBaTh (OBITh) YEMY-TO MMEET CMBICI TOJIBKO B «CBSI3KE» CO BpeMeHeMm. Her
BPEMEHU CYILIECTBOBAHUSA — HET CAMOT0 CYIIECTBOBaHUA. HeT CylecTBOBaHUS — HET HHU

CcyOCTaHIIUU, HU MaTEPHH.

duznueckas MaTcpusd: OJICMCHTAPHBIC YaCTHUIlbl, 4aTOMBbI, TCJIaA, HeOecHBIE Tena

pacnagaroTcs, ucuesaroT. McuezaroT kyna? B npoctpancTBo. bonbiie Hekyaa.

DneMeHTapHble YacTUlbl «poxkaaroTcs». «Poxnarorcs» otkyna? M3 mpocrpaHcTBa.

bosbmie He oTkyna.
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N3 sneMeHTapHBIX YacTUll «COOUPAIOTCS» aTOMBI, Tela, HeOecHbIie Tena. «CoOuparoTcs»

rae? B mpoctpancTse. bonbme Herne.

Bc€ u3 npoctpancTBa 1 Bc€ B mpocTpaHcTBO. [IpocTpancTBo cymectByer. CyliecTByeT —

3HAYUT, peajibHasl CyOCTaHIIMsI, paMaTepusl.

[IpocTpancTBO — cyOCTaHIMsS, HO HENpepblBHAasg CyOCTaHUUsS B OTJIMYHUE OT BCETO
MHOT000pa3us MHOXKECTB JUCKPETHON MaTepuu: dJEMEHTapHBIX YAaCTHUI], aTOMOB, TeJ,

HeOECHBIX TEJI.

[IpocTtpancTBo — Space. B YpoBueBbix CuctemMax eCTECTBEHHBIX JIeMEHTOB BceneHnHoi
— TIEpBBIA HYJIEBOHM aeMeHT SP. OTo ¢dyHAaMEHTaIbHBIH CYOCTaHIIUAJBHBIA DJIEMEHT,
BEYHO CyliecTBymomud Bo Bcemennoit B Buae IIpocrpancTBoBpemuu (Spacetime,

KOpPOTKO Spti, B pyCCKOM MPOM3HOIICHUH DCIHUTAi).

B kawecTtBe nmpuMepa HCTHUHHOCTH YTBEPXKACHHS: TMPOCTPAHCTBO — pPEATBbHO
CYILIECTBYIOIIAsl CYOCTaHIIUS MOXHO PacCMOTPETh IPABOMEPHOCTh YTBEPKICHUSA: 00bEM

— peajibHO CylIecTBYIOIIAs cyOcTaHUMS.

Kak wu3BecTHO, TepMOAMHAMMKA M3HAYalIbHO ObUIA TUIPOJMHAMUKOW, TIE 32 «THUAPO»
BBICTYNaJI TEKy4nid Teropoa. Korga oTKpbuUIn MOJIEKYJIbI, TEMIOPO OKa3ajcs HE y Jedl.
Ho Tpaguuuu THUAPOAMHAMHUKM TEIUIOPOJa COXPAHWIUCh B  TEPMOIAUWHAMHUKE.
JIMUCKpEeTHOCTh,  MOJIEKYJIPHOCTh  OKa3ajach B OOJNACTH  CTaTHCTHYECKOU
TEPMOJUHAMUKHI. DTO Kak Obl OTAENbHAs, TUCKPETHAs TEPMOJWHAMHUKA, B OTIMYUE OT
KJIACCUYECKON (HENpephIBHON) TEPMOAMHAMUKHU. YPABHEHUE COCTOSHUS UACATbHOTO
razZa — HEKoe THOpUIHOE TOPOXKIAEHHWE OT TEPMOAMHAMUKH HEMPEPHIBHON U
TEPMOJUHAMUKHN TUCKPEeTHOU. HO MOCKONIBKY peanbHOE CyIIECTBOBAHUE MPEICTABISACTCS
Y HENPEphIBHON U JAUCKPETHOM COCTABISAIONIMMHU, TO BCSIKME THOpPUIHBIE MPUHIUIIBI,
3aKOHBI, YPaBHEHHUS WMEIOT TOJ[ CO00i CyOCTaHIIMAIbHOE OOOCHOBaHME (OTPABIAHUE)
TOM WM WHOW CTENEHUW UCTUHHOCTH. KOHEYHO K€, ypaBHEHHE COCTOSIHUSI MACAJIBbHOIO

raza U3 3TOM KaTeropuu.
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p Vm=RT, (39)

rae p — nasieHue, VM — MoJSIpHbIA 00bEM, R — yHUBepcasibHas ra3oBasi IOCTOSHHAsS

(R =8,3144598(48) JI)/(monb-K)), T — abcomotHas Temneparypa, K.

B ocHoBe 3TOro ypaBHeHUs, KOHEUHO, HbIOTOHOBBI mpeacTaBieHus 00 aOCOMIOTHOM
MPOCTPAaHCTBE M aAOCOJIOTHOM BPEMEHH, IOCKOJIBbKY JPYrMX NpPEICTaBICHUNA O
IPOCTPAHCTBE U BpeMEeHH Toraa He Obuto. P — naBnenue. J[aBienue — eguHUIA CUIIBI HA
eAUHUIY ToBepXHOCTH. Cuia — HanpsyKEHHOCTh CUJIOBOTO TMOJs, TMOMHOXXEHHas Ha
maccy. Hanpsk€HHOCTh CHUIIOBOTO MOJISI B TPEXMEPHOM MPOCTPAHCTBE BIOJIHE OIlyTHMA
U u3Mepuma. BripaxaeTcsi yCKOpEHUEM MaccChl MO JEHCTBUEM PE3yJIbTUPYIOIIEH CHUJIBI.
Macca B TpEXMEpHOM NPOCTPAHCTBE TOXE OUIyTUMa W u3Mepuma. [loBepxHOCTH B
TpEXMEPHOM MPOCTPAHCTBE BIIOJIHE MpEACTaBUMA, u3Mepuma. ITo Bc€ B HbproTOHOBOM

abCOJIFOTHOM IPOCTPAHCTBE.

VM — MOJSpHBIH O0BEM, TONHBIA TPEXMEPHBIM 00BEM, CcoaepKaluii paBHOMEPHO
pacnpenenéHHblii B 00bEME MOJb BElIeCTBa B Ta3000pa3HoOM coctosiHuu. M ato B
HproToHOBOM a0CONMIOTHOM IIPOCTpaHCTBE, R — yHUBepcasibHas ra3zoBas nocrosinHas (R
= 8,3144598(48) JIx(monb-K)), T — abcomotHas temmeparypa, K Takxke sBISIOTCS

BEJINYMHAMH-CBOMCTBAMU B TPEXMEPHOM IIPOCTPAHCTBE.

Bpemenu, kak TakoBOTO, B IEPEUUCIEHHOM CIUCKE COCTaBIISIONIMX ypaBHEHHE, HET. Ho
OHO, a0CONIOTHOE BpeMs, HETJAaCHO Bcerja umeeTcss BBUAy (B yme). Wuade, ecnu
OTCYTCTBYET Bpemsi, T.e. BpeMs = (, TO HUKAKUX 3THX COCTABJISAIOIINX, HAaUMHAsA C

TpEXMepHOTo 00bEMa, HE OBLIO OB, aXKe B yMe, IOTOMY YTO HE ObLIO ObI HU HOCHUTEIS

yMa, HM yMma.

Yro HU3MCHUTCA, CCJIHU Pa3dCJIbHBIC a0COIIOTHOE IMPOCTPAHCTBO H a0COJIFOTHOE BpCMA

3aMEHUTh Ha 4-MEpHOE MPOCTPAHCTBO — BpeMsi?
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Torna 00bEM OyeT HE TPEXMEPHBIM, a 4-MEpPHBIM, COOTBETCTBEHHO, CHJIa, TOBEPXHOCTD,
YHUBEpCallbHasl ra3oBas IOCTOSIHHAsA, DHEPIusi, MOJib, TEMIeparypa — Bce ObUIM Obl
MTOHATUAMH n3 4-mepHoro nmpocrtpaHcTBa-BpemeHn. Ho  gaxe  4-mepHBII
reoMeTpuieckuii 00bEM adCTpakTeH M He MONJAETCS yMy OOBIYHOIO yeloBeKa. A yx

APYrue U3 CIrcKa COCTABIAIOMINX YPABHCHUC — ITOAABHO.

A 410 HU3MCHUTCS, C€CJIU pPasACIbHBIC IMPOCTPAHCTBO M BPEMsA 3aMCHHUTL Ha CIIMTHOC

IPOCTPAHCTBOBPEMS?

O4eBUIHO, CIIMTHOE MPOCTPAHCTBOBPEMS OCTAETCS 3-X MEPHBIM. J[J1s KpaTKOCTH 3amvcu
ciutHoe Spacetime, Spti Oymem o0o3HadaTh Kak SP, T.€. CIUTHOE C MPOCTPAHCTBOM
BpeMsi 0003HAYuM SKUpHBIM ImpudToM. Torma, paccMaTpuBacMbIe COCTABIISIONINC
YpaBHECHHS COCTOSIHHS HJICAJIbHOTO rasa 3amuinytes B Bujue: P, VM, R, T u ypaBHeHUe

COCTOAHUA NACAJIBHOI'O I'a3da MOXKHO 3aIlMCaTh KaK

pVM=RT (40)

[TpoBeném nens anredpandeckux Mpeoopa3oBaHMIA:
VM =RT/p=RTS/F=RTS/F (41)
PesynbTupyroniee paBeHCTBO:

VM=RTSIF (42)

F — cuma, neiicTByromias Ha 3aMKHYTYIO TOBEPXHOCTb S M30JIMPOBAHHON 3aMKHYTOU
MaTepuadbHOW CUCTEMBL. Temieparypa — peajbHOE€ M3MEPUMOE CBOMCTBO, T.€. TOXKE
peansbHOE CBOMCTBO. YHHUBEpCallbHasl ra3oBas IMOCTOSIHHAas R, KOHEYHO »Ke, peajbHas

IIOCTOsIHHAs.
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He Obu10 O6b1 MaTepuu, He ObUIM Obl MaTepHalibHbIE cBoOMcTBa. [IpaBasi yacTh ypaBHEHUS
O0TOOpa)kaeT peaybHble CBOMCTBA M PEANbHYI CYIIHOCTh. MOXXHO TOBOpPHUTH, IpaBas
94acTh YPaBHEHHUS U €CTh peasibHas CYIIHOCTh. TOrAa ¥ JieBas 4acTh ypaBHEHHs, T.e. VM
WIM CIUTHOE OOBEMBpeMs o00s43aHO OBITh peajbHON CYIIHOCTBIO, CyOCTaHLMEH,
Marepueil. PeasibHO cymiecTByromas cyOCTaHIUSI, MaTepus MOXKET PaBHATHCS TOJIBKO

cyOcTaHIIMU, MAaTEPUH, HO HE HECYOCTaHI[MM, HEMAaTEPUU.

PasMepbl HYKIOHOB M DJEKTPOHOB II0 COBPEMEHHBIM JaHHBIM cocTapisaoT 1071° wm.
-10 .. .
Pa3mepsr atomoB mopsiaka 10~ M. Torma, oTHomeHue 0OBEMOB aTOMOB K 00BEMaM
HYKJIOHOB M DJIEKTpPOHOB cocTabiseT 10°, T.e. VM IPakTHUECKH «IIyCTOi» 00BEM
npocTpaHcTBa. M 3TO TPOCTPAHCTBO peajabHO CYIIECTBYET, XOTS OBl TMOTOMY, YTO

MAaTCpHUAJIbHBI aTOMBI, U ((HyCTOI;’I>) 00BEM B HUX COACPIKUTCA B ITIOKA3aHHOM OTHOIICHHH.

JBOJIOLNMOHHASA OIIHOKA pasyMa

B sBomtonuu pazyma, B UICTOPUU HAYKU OBLIO OMIMOOYHO pa3/ieIbHOE MPECTaBICHUE O
pOoCTpaHCTBE U BpeMmeHHu. [IpocTpaHCTBO U Bpemsi — eauHoe 1enoe. He moxxer ObITH
HUYET0, COOTBETCTBEHHO, M (PU3UYECKOTO MPOCTPAHCTBA B HYJEBOM BpeMeHu. Het
BPEMEHU — HET MPOCTPAHCTBA, HET MPOCTPAHCTBA — HE HY>KHO BpeMsi. I GeccMmbICiieHHEeH

BOIIPOC MEPBUYHOCTH NPOCTPAHCTBA WM BpeMeHH. OHU BCErJa U BE3/E CIUTHBI.

OpmHako, y4YUTHIBas YKOPEHUBIICECS pa3[ebHOE TPEACTABICHUE O MPOCTPAHCTBE U
BPEMCHH, NMEET CMBICIT OIEPUPOBATh JABYCIUHBIM IICIbIM. MOXHO Ha3bIBaTh CIUTHBIM
[IpocTpancTBOBpeMeHeM, wiu Spacetime, B kopotkodi ¢opme Spti, B pycckom

MPOU3HOIICHUH DCIUTAH.

Ocnutail — HemnpepbiBHAas  CymHOCTh. [loToMy YTO  HENpPEphIBHO  CIUTHOE
MPOCTPAaHCTBOBpeMsi.  HempepeIBHOCTH  MOXKET OBITh  KYCOYHO-HENPEPHIBHOW B

JUACKPETHOM MaTe€pUH. DTO OTHOCUTENIbHAS HENPEPBIBHOCTH. 1I0JIHYIO HENMpPEephIBHOCTH
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MOXHO Ha3blBaThb a0CONIOTHOM HENpPEphIBHOCTHIO. AOCOIIOTHAs HENPEPBIBHOCTD

03HA4yaeT IMTOJIHOE OTCYTCTBHUE Pa3pbIBOB, KAK BHYTPEHHHUX, TaK U KPAHUX.

AOCOIOTHAST HETIPEPHIBHOCTh DCHUTAaNs €CTh JCNHTaiiHas OECKOHEUHOCTh U BEUHOCTH

Bcenennoii.

OcnuraiiHasg Bcenennast cyOcTaHIManbHa W MaTepuajbHa, MOTOMY YTO 3JEMEHT SP
(Ocnu mnm Crdlices) sBisieTcsl NEPBBIM HYJIEBbIM M (YHJIAMEHTAJIbHBIM 3JIEMEHTOM
YpoBHeBbIX CHCTEM  €CTECTBEHHBIX DJJIEMEHTOB BceleHHOM —  BBIPAXKEHHIA,

1/1306pa>1<eH1/H?1, OTpa)KeHI/Iﬁ CCTCCTBCHHO-3JICMCHTHOTO IPCACTABJICHUA Bcenennoii.

B maTemaTuke (akKTHUYECKH HET YETKOTO TOHSTHS HENPEPBHIBHOCTH. Y EBKIWIA JTUHUU U
OTPE3KH, KOHCYHO, MPEJICTABIISINCh HENPEPHIBHBIMU, @ TOYKHA OBUIA TOJIBKO Ha KpasXx
oTpe3koB. OTpe3Ku U 0ECKOHEYHBIC JIMHUU HE COCTOSTM M3 TOYeK. TOYKH Ha OTpe3Kax U
JUHUSAX UCIIONB3YIOTCS TOJIBKO Kak 0003HauYeHUs, Kak Mapkepbl. HeT, 1 He MOXKET OBITh
TOYHOT'O MAaTEMaTUYECKOrO OIpeeNeHUs HENpPEepPhIBHOCTH, IOTOMY 4YTO 4YHCJa
JTUCKPETHBI, TI0 CYTH, TI0 TIPUpPOJIe, 10 omnpesencHuto. I ocHOBHBIE (QyHIaMEHTaIbHbIE
oTIepaIiy ¢ YUCIaMU HE BCE PEaIM30BBIBAIOTCS B MPHUPOJE. B nmpupoje HET BIUNTAHMUS,
B pe3yJbTare KOoToporo mnoisydaercs 0, MOTOMY YTO HHUYTO B MPHUPOJIE HE HCUE3aCT
O0eccieqno. 0 — 4YHMCIO TOJIBKO B MaTeMaTWKe. B Tpupojie HET TaKoro 4Ywucia,
OTPaXKAOIIETO OTCYTCTBHE YEro-in0o, MO0 ATO 4YTO-TO HE HcUYe3aeT OecclieHO, a
COXpaHsETCS B IPYrOM MecTe, B APYroM 4To-To. B mpupose ects apodieHue (neneHue),
W OCTaTOK OT Jake OECKOHEUHOro JieJIeHWs HuKorjga He mpeBpamiaercs B 0. Ocratok
MOXET CKOJIb YTOJIHO OJIM3KO MpuOIu3uThCsa K (0, HO HUKOTIa He Mcue3aeT OeccienHo. B

MIPUPOJIE €CTh €IIE€ YMHOXKEHUE (Pa3MHOKEHUE).

[TonbITaeMcs BCE e MaTEMAaTUYECKU MOKA3aTh HEMPEPHIBHOCTh B MAJIOM, OUYEHb MajioM,
HeBoOOpa3uMo MajoM. Bo3pMEM KOHEUYHBIN HENMPEPBHIBHBIA OTPe30K mpsimoil EBkmmma.
JleBbIii KOHel O0O3HAUYMM TOYKOM (cuMBOJIOM, MapkepoMm) (0, a mpaBblii — TOYKOM

(mapkepom) 2. O4eBUIHO, MEXKIY HUMU HA CEPEIUHE MOXKHO MOCTABUTh TOUKY-MapKep
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1. byanem nenute 1 nHa 2, Ha 3, Ha 10, .... Ha OojbIIOE, OYEHb OOJIBIIOE, ....,
HEBOOOpa3uMO OoJiblIoe 4YHCI0. MBI MOXKEM OECKOHEYHO OJM3KO MNPUOJIMU3UTHCS K
Havay OTpe3Ka, HO HUKOT/la He JocTUTHeM Mapkepa 0 Ha j1eBoM KoHIle oTpe3ka. CrpaBa
ot mapkepa 0 Bcerjga octaércs Majblid, O4eHb MaJIbli, OECKOHEUHO MAaJIbIH OTPE30YECK —

4acTh OTPE3Ka Ha IPOMEKYTKe Mexay 0 u 1.

[TockonbKy B IpUpPOJIe OJHOMEPHBIX OTPE3KOB HE OBIBAECT, TO MYCTh 3TO OYyJeT KyOUK C
OeckOHEUHO MayibiIM pebpoM. Takum KyOuMKam HET HUKAKHX 3alpeToB ISl COCIUHECHHS
POTUBOTIONIOKHBIMU TpPaHsIMU 0O€3 MPOMEXKYTKOB B IIEMOYKY HAmpaBo JO CaMoro
Mapkepa |, nocThub €ro, MEepelTH €ro M jJanee 10 Mapkepa 2, JOCTUYL €ro, HO HE
NEPEUTH €ro, IMOCKOJbKY IEepBOHAYAIbHBIA OTpPe30K EBKIMIa 3akaHYMBAJICS CIIpaBa
Mapkepom 2. ITO B CiIydae ¢ MmepBOHayYadbHBIM OoTpe3koM. Ilepeliném k nmunun EBkinaa
0e3 KOHIIOB B Hayaje W KOHIE, T.e. K OECKOHEYHOW JMHUU. B NpPOM3BOJBHON TOUKE,
MapKUPOBAHHOU ISl omnpeaeaeHHOCTH 0-éM, YCTAaHOBUM BBIIIE TOJTYYCHHBIH KYOUK C
OECKOHEYHO MajbiM peOpoM Tak, YTOOBI OCh KyOWKa COBMHalla C OTPE3KOM MPSIMOM.
Huuto He MemaeT HapalmuBaTh MaTEMATUUYECKU (CKJIAIbIBATh, YMHOXKATh) TIOJIOOHBIE K€
KyOMKH 10 JIByM MPOTHBOIOJOXKHBIM TpaHsaM, NpuuéMm 0e3 3a30poB. beckoneuHoe
KOJIMYECTBO KYOMKOB IICTIOYKOW HapamuBaeTcs B o0e cTopoHbl oT (0 OeckoHeuHOI
nuHud. Takoe e HapalllMBaHWE MaTeMaTHYeCKH HE 3alpeliaertcsa U 1o ABYM Mapam
rpaHeil, OpTOTOHAJIBLHBIM PACCMOTPEHHOM mape rpaHei. HapammBas oT BceX CBOOOIHBIX
rpaHeii, Bc€ MPOCTPAHCTBO MOXKHO 3amlOJHUTh KyOuWkamu 0e3 3a30poB (IIycTOT), BCE
TpEXMepHOEe OECKOHEYHOE MPOCTPAHCTBO. Tak MareMaTudecKu (T€OMETPUYECKH) MOKHO
MOJIYYUTh TPEXMEPHOE MPOCTPAHCTBO, 3AMOJTHEHHOE CKOJIb YTOJHO MajbIMU 00bEMaMU-

KyOMKaM# TPpEXMEPHOTO MPOCTPAHCTBA, TPOCTpaHCTBa Beenennoii.

B Ocmuraiie (mamomuum: IlpocTtpanctBoBpems, Spacetime, Spti, Dcrurait) KyOukm
OyIyT TPEICTaBISAThCS W3 TEPBOrO WieHa B YpPOBHEBBIX CHUCTEMaX €CTECTBCHHBIX

3JIEMEHTOB BceeeHHON.
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Cnenyer 3aMeTuTh, 4YTO B peadbHOM OcnuTaiiHON BceneHHOW HUKaKMX «KYOMKOB
Ocnutag» HeT. OHM — pe3yabTaT NONBITKM MAaTEeMaTUYECKOrO IMPEICTABICHUS
Bcenennoil. MaremaTtuka, KOTOpas 3WXKIETCA Ha YMCIaX, Ha OOBEKTax Ccyryoo
JIUCKPETHBIX, MOXET OINHCHIBATh TOJIBKO JHUCKPETHYIO COCTaBISIONIYI0 BceneHHoil.
HenpepbiBHYIO K€ COCTaBJSIONIYHD OHAa HE MOXKET OMNUCHIBATH MPUHIUIHAIBHO.
HemnpepbiBHYI0  CyOCTaHIIMAIIBHYIO  COCTaBISIONIYI0O MOXHO ONHUCBHIBATH  TOJBKO
HETIPEPBIBHON MPOTHKEHHOCTHIO MPOCTpaHCTBaBpeMeHH, Spacetime, Spti, Dcnuraiis.
[TockonbKy HET peanbHbIX KYOMKOB WM MHBIX «KPUCTAITMYECKUX» GopMm DcmnuTasi, TO

BCs HCIIPCPBIBHAS COCTABJIAIOIIAA Bcenennoin OHOpOAHA U N30TPOIIHA.

IIpo6aema Hys1 B DcnuTaiie

IIpocTpancTBo. Bpems. Kak onu cootHocsaTcs npyr ¢ apyrom? Kakas cBs3bp MexIy

HAMUA?

Hpe,IIHOJIO}KI/IM, HCT IIPOCTPAHCTBA. Toma BpCMsS HHU K YCMY. Het Hm OCHOBAHUs, HHU

CMBICJIa OTPAXKaTh TO, YETO HET — U3MEHEHUH, JBUKEHUN, KOTOPBIX HET.
Her npoctpancTtBa — HET ABUKEHUS — HET BPEMEHM.

[IpeanonioxkumM, HET BpEMEHU. DTO — OTCYTCTBHE BPEMEHU WUJIM HOJb BpeMEHU. B Hyne
BpeMenn Hwuduero nHer. Ecimm 3a mapkep 0 B3gra mob6as Touyka Ha BpPEMEHHOM
MPOTSHKEHHOCTH, B HEM HET JIBUXKEHUSI U HET HEOOXOJMMOCTH B MPOCTPAaHCTBE. B3ATh
MIPOU3BOJIBHYIO TOUKY Ha BPEMEHHOU JJIMTEIbHOCTU U 3aMapKUpoBaTh €€ 0-€M — 3HAUUT
OCTaHOBUTH BpEMs, MBICJICHHO, KOHEYHO. 3HAYHUT, OOpaTUTh BpeMs B Hylb, T.C. B

OTCYTCTBHE BPEMEHHU.
Her BpeMeHn — HET ABMXKEHUS — HET NPOCTPAHCTBA.
NmeeMm n1Be 1OrMuecKkre NEMOYKH:
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1. Her npocTpaHncTBa — HET IBHKEHUS —> HET BPEMEHU;

2. Her BpeMeHH — HET ABWXKEHHMSI — HET MPOCTPAHCTBA.
N3BecTHa NpUYMHHO-CIEACTBEHHAs JIOTMKA: IpU4YMHAa —  ciuexncrsue. Mnm touHee,
IpUYMHa —  KOHEYHOE CJEACTBHE. ECiIM B JIOTMYECKON LENno4yke 1 OTCyTcTBHE
IIPOCTPAHCTBA —> IPUYMHA, @ OTCYTCTBHE BPEMEHU — KOHEYHOE CIIEJICTBHUE, TO, UYTO K€

TaKO€ MPOMEKYTOUHOE 3BEHO — OTCYTCTBUE JIBUIKCHHUS ?

Ecin B 5orudeckou Iernoyke 2 OTCYTCTBUC BpPEMCHHU — IIPpUYMHA, a4 OTCYTCTBHC
MMPpOCTPAHCTBA — KOHCYHOC CJICACTBUC, TO, YTO KC TAKOC IMPOMCIKYTOYHOC 3BCHO —

OTCYTCTBHUC IIBI/I)KCHI/ISI?

OTMGTI/IM, YTO B 00EHMX JIOTHYECKHUX HOCIIOYKAaX MPOMCIKYTOYHOC 3BCHO OOHO U TO KC —
OTCYTCTBUC JBWIKCHMU. Taxxe 3aMCTHUM, 4YTO 00e JoTrHYecKue OCIMOYKH Il m 2 — He
PCAJIBHOCTDH (B PCAJIBHOCTHU TAKOI'O OBITh HE MO)KGT), a BCCIro JuIIb MBICIICHHAA
CuTyanus:d, T.C. a6CTpaKHI/ISI. Ho cama noruka ectb IMPOAYKT yMad, TaAKKC KaK MaTCMAaTUKa

CO BCEH €€ MaTeMaTUUYECKOU JIOTUKOM.

B PCAJIBHOCTU HHUYTO W HHUKTO HC MOXKCT JIMKBHUIUPOBATH BCE IMPOCTPAaHCTBO, BCAKOC

JIBIKEHHE, COOTBETCTBEHHO U BPEMSI.
Tak, 4ToO k€ TaKO€ OTCYTCTBUE JBHKCHUS ?

B macmrabax BcenmeHHOW OTCYTCTBHS IBWIKEHHMsS HE MOXET ObITh BooOmie. Jlaxke B
MEXTaJIaKTHUYEeCKOM TMPOCTPAHCTBE, TJe MOoJIaraloT He 0oJjiee JBYX aTOMOB, TOBOPST, B
CpelHeM, B OJHOM JHUTpe OO0BEMa NpPeOBIBAIOT (IUHAMUYECKA W CTATUCTUYECKH,
koHeyHo) 500 000 ¢oronor u 450 000 HevTpuHo. U NBHKYTCS OHU CO CKOPOCTHIO CBETA
B BakyymMe. MOXHO TOBOpPUTb, 4YTO BO DBCENEeHHOM HET TaKOoro COCTOSIHUS Kak

«OTCYTCTBHUC OBUIKCHUS).
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N3 »Tux paccyXaeHuil MOXKHO 3aKIIOUUTh, YTO O0€ JIOTMYEeCKHEe Henoukd 1 u 2 B
peanbHOi BceneHHONW — (UKIUHU, UX HET, OHU NPOAYKT TOJBKO CO3HAHMS, KOTOpOE

MOKET CO3/1aBaTh a0CTPAKLMH, (PUKIIMH, HE CYIIECTBYIOIINE B IPUPOJE.
J1o cux mop Mbl pacCy>kKJalu C MOHSATUEM «OTCYTCTBUE», 0003HaYaeMoM yuciaoMm 0.

[Ipuxogum k BbIBOAYy, uTo 0 — abcTpakius, (GuKIMs, KOToporo Bo Bcenennoil He

CYLIECTBYET.

Camo mo cebe umcio, J000e OECKOHEUYHO Majioe, Majaoe, OOJIbIIOE, OECKOHEUYHO
0oJbIIOe — CYTry00 JMCKPETHAs CYyIIHOCTh. Kaxmoe uncio — Todka, Mapkep. MapkepoM
MOXHO M HYXHO YTO-TO MapKHpOBaTh, HANpUMEp, HENPEPHIBHBIA OTPE30K MPSIMOM,
HENPEPhIBHYIO TMMOBEPXHOCTb, HENPEPBIBHBIH 00BEM, HEIPEPHIBHOE JIBHXKCHHE,
HENPEPBIBHOEC BpEMsI, HEMPEPHIBHYIO TeMITepaTypy (B COOTBETCTBYIOUIUX Pa3MEPHOCTSIX)
U.T.JI., BCE MBICIMMEIE M HEMBICIUMBIE OOBEKTHI MU MX CBOMCTBA. Nneeit Touku (He
CYIIECTBYIOIIEH B MPUPOJE) MapKUPYETCs HENpepbIBHAsS cyOCTaHIus BcelleHHOW —
¢usnueckoe TpEXMEPHOE TPOCTPAHCTBO, M JUCKPETHas Matepus BceleHHOH

(C—)JIGMGHTapHLIG qaCcTHUObI, aTOMBI, MOJICKYJIbI, TCJIA, HeOeCHBIE TGJ'Ia).

Kanp - ornenbHbIN 3aCTHIBIIMN PUCYHOK WJIM KapTUHKA. DTO HEMOJBUKHBIN OOBEKT.
JIB>KeHHEe aTOMOB, MOJIEKyJl He OepéM B cuér. B dunbMe (TeneBuzope, cMapTdoHe, ...)
"KHHOPUIBLM" CKJIAIBIBAETCS M3 OTICIBHBIX JTHUCKPETHBIX IOCIIEIOBATCIBHBIX KaJpOB,
MCHSIIOIINUXCS C ONPEACIEHHON 3aJaHHOM YacToTol. Mupo3aanue - He "kuHopuiapM". Y
HEro HeT 3acThIBIIMX KaJpoB. M Bo Bcex He3acThIBIIUX "Kaapax" MuposnaHusi Bceraa
UMeEIOTCs ABWKEeHUs. B Mupo3nanun Bc€ TEUET B HEMPEPHIBHOM MPOCTPAHCTBOBPEMEHU

— DcnuTaiie.

B Ocnwuraite, T.e. B OeckoHeuHOBeuHOU BceneHHoit Bc€ HempepbIBHO. [IpephiBbI,
JTUCKPETHI JIIOOBIX MacmTaboB — (hopmbl, GUTYPHI B HEMPEPHIBHOW DCMUTAWHON cpee,
COCTOSIIIIUE W3 «MaTephayiay 3TON ke DCIMUTAWHOUN cpeipl, T.e. U3 CyOCTaHIMH Sp —

MEPBOI0 HYJIEBOTO 3JIEMEHTa Y pOBHEBbIX CHCTEM €CTECTBEHHBIX 3JIEMEHTOB BeelleHHOM.
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Mexay m00bIMH, MBICIIEHHO BBIAEISEMBIMH JIEMEHTAMH 00bEMA U BpEMEHU B DIuTalie
COBEpIIEHHO, a0COJIIOTHO JKECTKast CBs3b. AOCOJIIOTHO KECTKAas CBsS3b O3HAYaeT
a0COJIIOTHYIO CIMTHOCTh IPOCTPAHCTBA U BPEMEHH B OAHOM IPOCTPAHCTBOBPEMEHH, B

Dcrnurane.

Bcenennast OeckoHeuHa W BeyHa. OcnuTaiiHas BceneHHass OeckoHeyHa M BeuHa,
OeCKOHEYHOBEYHa. IJTO — aOCONIOTHO HempephiBHAs CyOCTaHLMS, COJEepKalas
(BMemaromias) AUCKPETHYIO MAaTEPHIO: DIIEMEHTAPHBIC YaCTHIIbI, aTOMBI, Tella, HeOeCHbIE
tena. JlMckpeTHass marepus — Toxe u3  Spti, HO BO30YXIEHHOTO. MOXHO TOBOPUTH

(yTBEpKaaTh, MPUHATH), DCNUTal U eCTh cama Beenennasi.

BOSBpaIIIaSICL K JIOTHYCCKHM I[CIIOYKaM 1 n 2, IOCTPOCHHBIX HA HW3HAYAJIIBHBIX
MMPCAITOJIOKCHUAX «HCT», BUAUM YTO B OcnuTaiie OHU HE pC€alin3yMhbl, IIOTOMY YTO B HEM
BOO6IIIC HET IIOHSTHM: «IIPOCTPAHCTBA HCT», «ABWIXCHHUSA HCET», «BPCMCHH HCT». Her
Hyneﬁ IMPOCTPAHCTBA, IABHXCHUA KW BPCMCHHU. Ot KaTCropun — HUCKIIOYUTCIBHO

IMOpPOXKACHUS CO3HAHUA, YMaA.

BruiBox:
HenpepriBHOE cinuTHOE TpEXMEpHOE MpocTpaHcTBOBpems (Spacetime, Spti) DcmuTai,
SBISIETCS CcyOcTaHIuen, mpuiéM cyOcTaHIMed OECKOHEYHOM M BEYHOW OcmHUTaiHON

Bcenennoii.

BreiBog Moxker ObITh OohoOpMIIeH Kak (GOPMYNIHpPOBKA U JOKA3aTEIbCTBO TEOPEMBI
OECKOHEYHOCTH U BEYHOCTU BceneHHoU ¢ 3aBepmaromiein Gopmynol OECKOHEUHOCTH U

BEUHOCTH BceneHnHoi.
Teopema 0eCKOHEYHOCTH M BeUHOCTH BceesreHHoOM
Nmeem nienb 04€BUIHBIX ONpEaEIeHUN (ITIOCTYIATOB) U AKCUOM:

1. Bcenennas ciiokHa MHOKECTBOM BCEBO3MOIKHBIX COCTaBJIAOIIHUX.

2. Bcenennast COCTOUT U3 AUCKPETHOU W HETIPEPHIBHONW COCTABIISIIOIIUX.
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3. JluckpeTHas MaTepHalibHasl COCTABIISIIONIAs — MHOKECTBO 3JEMEHTapHbBIX
4acTHUL, aTOMOB, MOJIEKYJI, HAHOYACTULl, TeJl, HEOECHBIX TeJ.

4. HenpepbiBHas cyOcTaHUMaidbHas  COCTaBIAMOMIAs —  (QU3MYECKOe
TPEXMEPHOE NMPOCTPAHCTBO.

5. beckoHeYyHOCTh MPOCTPAaHCTBA — OECKOHEYHAs MPOTKEHHOCTH MO BCEM
TPEM PU3NYECKUM U3MEPEHUM C JII000H yCII0BHOM Touku Beenennoi.

6. BeunocTh — OeckoHEYHasl MPOTSHKEHHOCTb C JIIOOOM YCIOBHOM TOYKHU

YCJIOBHOM BPEMEHHOM OCH.

7. TIpoTssKEHHOCTH TMPOCTPAHCTBA M BPEMEHHM O00pa3yloT  eAUHYIO
NpOTHKEHHOCTH MPOCTpaHCcTBaBpeMenu (Spacetime, Spti, Dcnuraiis).

8. TIpoTsxEHHOCTh MPOCTPAHCTBABPEMEHH HEMPEPHIBHA.

9. PacmpocTpaHeHO TMOHSTHE KYCOUYHO-HENpPEphIBHOTO. Takoe TOHSTHE
MO>KHO TIPUHSTH 32 OTHOCUTEIBHYIO HEMPEPHIBHOCTD.
10. AGcointoTHast HEMPEPHIBHOCTH HEMPEPHIBHA BE3/E U BCETIA.

11. V aBGconoTHON HEMPEPHIBHOCTH HET HA Hauaja, HU KOHIIA.

CnenoBaTesbHO:

AOCONIOTHAasE ~ HEMPEPBIBHOCTh  CYOCTAHIIMAIBHOTO MPOCTPAaHCTBOBPEMEHHU

(OcruTaiis) ecTh 0ECKOHEYHOCTh U BEYHOCTh BCeneHHOM.

Teopema JI0Ka3aHa, U MOKET OBITH BBIpa)KEHA bopmyIoi:
AOCOJIIOTHASI HEMPEPBIBHOCTh JCNHUTAs €CTh 0€CKOHEYHOCTh

M BeYHOCTH BcesieHHOM

dcnuTaiiHasg cyOCTAHIUA
B nonumaHuu cyOCTaHIIMKA U MaTEPUU €CTh TOJIBKO OJTHO MPUHIIMITHAIBHOE UX CBOMCTBO

— CymeCTBOBATh, HC3aBUCHUMO OT CO3HAHMA.
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B CCTCCTBCHHO-HAYYHO-TCXHUKO-TCXHOJIOTUYCCKOM ITOHHUMAaHUN MAaTCPHUHN (1)I/IJ'IOCO(1)CKI/I
IMPHUHOUITHAJIBHOC CBOMCTBO YTOYHACTCA AOIOJIHHUTCIbHBIM HCOTBMJICMBIM CBOMCTBOM —

JICCTBOBATh, B3aMOJCHCTBOBATh.

Jo XX Beka TpéXxMepHOE MPOCTPAHCTBO PACCMATPUBAIOCH JIMIIb  «APEHOW»
HprOTOHOBCKMX  MAJIBHOACUCTBYIOIIMX B3aUMOJIECUCTBUUA JUCKPETHOM MAaTE€pUH OT

HEOECHBIX TEll A0 MOJICKYJ U aTOMOB.

B navane XX Beka 3-mepHas apeHa «palvpuiach» A0 DUWHINTEHHOBCKOW 4-MepHOMH

MPOCTPAHCTBEHHO-BPEMEHHOM  apeHbl  OJM3KOACHCTBYIOIIMX  B3aWMOJICUCTBUM.

B cepenune XX Beka Ko3bIpeB B NMPUUMHHONW MEXaHHWKE MPHUAAT BPEMECHH CBONCTBO
neicTBOBaTh, T.c. 0 Ko3bipeBy Bpems — marepus. OHO M3JIy4aeTcs W IOTJIONIACTCS,
IPOU3BOJUT YHEPTHIO.

O ToM, uto BO BcenenHnoit «Her Mmecra myctoTe» yTBepknan emé [lexaprt. Yxke oH
CUMTAJ IPOCTPAHCTBO HE ITYCTHIM.

U B HacTosimiee BpeMsi MHOTHE yU€HbIE CTPOAT pazHbie Mojenu Beenennoit (BeceneHHbIx)
U3 MOHUMAaHUs MIPOCTPAHCTBA KaK TEpBOMAaTepuu, pamaTepun — cyoctaniuu. Ho Bpems
paccMaTpHUBalOT B OTAEIBHOCTH OT MPOCTPAHCTBA, KaK HE3aBUCUMYIO OT MPOCTPAHCTBA
br3uKo-HUI0COPCKYIO KATETOPHIO.

OTnuuue Hamero mMoaxo/la B TOM, YTO MPOCTPAHCTBO M BpEMs paccMaTpUBAETCS B
HEPa3pBIBHOW CIUTHOCTH TMPOCTPAHCTBOBPEMEHHU. MOKHO TOBOPHUTH: OJHA JIBYEIAWHAs
¢usuko-prumocodckass KaTeropus, IMOHSATHE, IBYCIMHOE CIMTHOE CIIOBO Spacetime,
KOpoTko — Spti (Dcnuraii) oTpakaeT abCOIIOTHO HEMPEPBIBHYIO, MOTOMY OSCKOHEUHYIO
¥ BEUHYIO MpamMatepuio, cyocrannuio Beenennoit. OHa mpeacTaBieHa MEPBBIM WICHOM B
YpoBHeBbIX CucTeMax €eCTECTBEHHBIX DJJEMEHTOB BceleHHOW — eCTeCTBEHHO-
3JIEMEHTHOM MPEICTaBICHUU BCceneHHo, aHanoruaHo Tomy, kak Bogopoa B YpoBHEBBIX

CucreMax XMMHUYECKHUX 3JIEMEHTOB — XMMHUKO-3JI€MEHTHOM npcacTaBJICHUN BcenenHnoii.
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JIMCKPETHOCTH U CTPYKTYPHOCTh

JINCKPETHOCTh M CTPYKTYPHOCTh — TOHSATHS (KaTETOPHH), TECHO CBS3aHHBIC MEXKIY
coboii. He MoxeT ObITh M peun O CTPYKTYPHOCTH O€3 TUCKPETHOCTH. Bo3HHKaeT
crpaBeuBbiid Bonpoc: Hy, xoporo, 00béM (pusznueckuit o0bEM) wim SP — peanpHas

CYIIIHOCTb, cyOcTaHus. KakoBa e cTpykTypa e€?

BOHpOC 9TOT CHPAaBCAJINB TOJIBKO C TOYKH 3PCHUA CJIOKMBIICHCS TpaaIulIu MBIIJICHUA,
AUCKPCTHOTO MBIINUICHUA, MATCMATUYCCKOTO MBINUICHUA, YHCIOBOTO MbIINIJICHUA.
CTPYKTypHBIM MOKET OBITh TOJILKO TO, UTO AHUCKPCTHO. HerepBIBHOG HE MOXET OBITh

CTPYKTYpHO (TpaHuyHO). [ToToMy 4TO HE JUCKPETHO.

B wMmaremarnke ONepupyroT TMOHSATUSMH HENPEPHIBHOM W KYCOYHO-HENPEPBIBHOM
¢ynkinuii. Ho B KOHEUHBIX pacy€Tax M MPEJCTABICHUSAX BOOOIIE HE MOXET OBITh
HUKaKOW HENPEPBIBHOCTH, MOCKOJIbKY JII0ObIE YHMCIIa UCKPETHbI M MpephiBHBL. Kpome
TOr'0, HENPEPHIBHOCTh O3HA4aeT Oe3rpaHMYHOCTb, MO0 BCSIKas IpaHMIIA €CTh IMPEPHIB —
HapyllleHue HEeNpepbhIBHOCTH. bojee TOro, HEmpepbhBHOCTh O3HAYaeT OECKOHEYHOCTb,
IIOTOMY YTO KOHEL HENPEPBIBHOCTU O3HAYAET MPEPBIB HENPEPBIBHOCTU. HenpepsIBHBIN

AIEMEHT SP ecTh OECKOHEUHOE TPEXMEPHOE MPOCTPAHCTBO BceeneHHoil.

MoryT roBopuTh, 4T0 0€CKOHEYHOCTh BceneHnHoi He TpeOyeT Ja0Ka3aTesibcTBa, YTO 3TO
oueBugHO. HoO oueBHMAHOCTH TYT He MOXeT ObITh. [lOATOMY «BBITUIBIBAIOTY
BCEBO3MOXKHBIE: MapajuiesibHble BceneHHble, MHOromepHbole BceneHHble, COCTaBHbBIE

Bcenennble, aHTUMUPEL, ... .

Jlpyrue MOTYT TOBOpPHUTbH, UYTO OECKOHEYHOCTh BcCeleHHOW BIIONHE OMpenemnseTcs
O0eCKOHEYHOCThI0 yncen. Ho uncna AuCKpeTHBI, U BCera, J00bie OECKOHEUYHO MaJble U
OCCKOHEYHO OOJNBIINE YHCIIa TUCKPETHHI. J[MCKPETHOCTh €CTh TMPEPHIBHOCTH, a

MPEPBIBHOCTH JOMYCKAET KOHEUHOCTb.
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beckoneunas Bceaennas

[IpoOnema OGeckoneuHoctu BceenenHodt — (dyHaaMeHTalbHas MpobJieMa HE TOJIbKO B
Hayke, HO U B Quinocopuu. OT OTHOIIEHHS K 3TOM MpobiieMe 3aBUCUT BuAeHUE Mupa —
MupoBo33peHue. [loaToMy momneiTaeMcsi IPOABUHYTHCS B 3TON mpobiieme eme ¢ oOgHOu

CTOPOHEI, CO CTOPOHLBI aHAJIN3a YUCIIOBLIX PSAAO0B.

Harypanbubiii HOMepHOUM psin umcen: 1,2,3,...., N OeckoHedeH. Hauwmnaercs c¢ 1 wu
auckpeTeH. MakTUYECKH KaXJ0€ YHUCIO psAga €CTh cymMMa (KOJHYECTBO) CIMHMII.
O6o3Hauenne uucen uuppamMu M paspsgaMu  ecTb 00O3HAUEHHE HOMeEpa uucia
(uncioBOi CyMMBI enuWHHMII). TakuMm 00pa3oM, OCCKOHEUEH HOMEpP CYMMBI €IWHUI] Ha
OCCKOHEYHOCTH. ITO CYyTh HATYPAJIIBHOI'O HOMEPHOTO Psijia, © HAUMHACTCS OH C CIUHUIIBI
— (axta HamM4us (TPUCYTCTBUS) YETO-TUO0 (JTF000r0, BCIKOTO), U COCTOMT M3 ITHUX
SAVHMI] JIJI JIFOOOW pPAa3HOBUIAHOCTH KOHKPETHOW JMCKPETHON Matepuu, Oyab TO:
AJIIEeMEHTApPHbIE YaCTHIIbI, ATOMBI, MOJIEKYJIbI, IECYUMHKH, 3BE3/IbI, TaakTUKU. K kaxxgomy
YHUCIIy HAaTypaJlbHOTO psAJla MOXKHO MPUOABUTH €IUHUILY, JIFOOOE YMCIO HATypalbHOTO
psana. IlpubGaBnenue ™moxker ObITH B Oosiee A(PEKTUBHBIX (KOPOTKUX) (opMax:

YMHOKCHUA, B3ATUA (1)aKTOpI/IaJIa, BO3BCIACHUA B CTCIICHH, ... .

EnuHuIa CIOKHOTO TUCKPETHOTO MATEPHUAIBHOTO OOBEKTa MOXKET OBITh JIeJIHMa
rorajaMm, Ha TPH paBHbIE YacTH, Ha 4 paBHBIC YacTH, ..., Ha N paBHBIX 4acTeil 1/n.
ITockonbky N = oo (GeckOHEUHasi cymMma eIuHuIl), To 1/n = 1/c0. IlpunsiTo, uto 1/00 = 0.
Ho »to He coBcem BepHo. () mWMeeT CMBICT OTCYTCTBHSI, IOJIHOTO OTCYTCTBUS, W
OecKOHEYHO MaJioi yacT eauHUIBL. Ho 3Ta GECKOHEYHO Malias 4acTh €IMHHUIIBI HEKOETO
JTUCKPETHOTO OOBEKTa BCE Ke OCTaéTcs OECKOHEYHO MaJIO YacThi0 ATOr0 OOBEKTA.
Jlenenne enuHUIBI OOBEKTAa HA CKOJb YTOJHO OOJBIIOE YWCIO, Nake Ha OECKOHEYHO
OOJBIIOE YHCIIO HE TMPUBOAUT K TIOJHOMY YHUYTOKEHUIO JTOW EAMHUIBI OOBEKTa.

OcTtaéTcst UMEHHO 0€CKOHEYHO MaJiasi 9acTh 3TOTO TUCKPETHOTO 00bekTa. () ke o3HavaeT
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OTCYTCTBUE U JIIOO0H OECKOHEYHO MaJIOM YacTU 3TOr0 AUCKPETHOrO OOBEKTa, T.€. HE

HMCCT CMBICJIA JJIA JaHHBIX JUCKPCTHBIX O0OBEKTOB.
N = 00 — 0ECKOHEYHO OOJIBIIIOE YUCIIO CAWHUI] OANHAKOBBIX TUCKPCTHBIX 00BEKTOB.

1/(n = ) — OecKOHEYHO Majias YacTh CIUHHIIBI JUCKPETHOro oObekTa. BeckoHeuHO
Majlas 4acTb €IUHMIIBI €CTh OOpaTHasi BeIW4YuHa (KOJIMYECTBO) OECKOHEYHO OOJIBIIOTO
quclia €IUHUIl. JTO — HWCTHHA, COMHEHHIO HE TMOJBEpracMas W HE HYKIAIOMascs B

A0Ka3aTCJIbCTBEC, T.C. aKCHOMaA.

HaTypaJIBHBIﬁ pAd YUCCII, BBIPAXKAOIINX JAHHBIC TUCKPCTHLIC 06’BCKTBI, MOXKHO 06pa3H0

MpCaACTaBHUTL:

123456,.., (N = o), T.e. MAPKEpPaMHU TOCJICAOBATEIHLHBIX YHCEI 4Yepe3 pPaBHBIC

NPOMEXYTKH _ Ha OECKOHEYHOMW MPSIMO.

I/ICXO,ZI}I Hn3 3TOro 06pa3a HAaTypaJIbHOTO psiaga YHUCCI TJII KOHKPCTHOI'O MHOXKCCTBA

OJHWHAKOBBIX TUCKPCTHBIX O6’I)CKTOB, AKCHMOMY MOJKHO o6pa3Ho MMpCaACTaBUTD:

OueBunHo: 1/(n = ©), ..., 1 — HeompeAeNEHHBIH «OTPE30K» A0 | pa3MmemiaeTcs 10
HATypaJIbHOTO psJia OJMHAKOBBIX JHCKPETHBIX OOBEKTOB. DTOT OTPE30K COCTaBIISCT
pallMOHAIBHBIA Pl JAPOOHBIX  KOJHMYECTB  JHUCKPETHOTO  OO0BEKTa. 3aMETHM,
palMoOHAIBHBIN PsJl IPOOHBIX KOJWYECTB JUCKPETHOTO OOBEKTa pacrojiaraeTcs Iepen

HaTypaJIbHBIM PAAO0M KOJIMYCCTBA OJHMHAKOBLIX JHUCKPCTHBIX 0O0BEKTOB.

Ou4eBUIIHO, KaXKIblil WIEH HAaTypaJbHOTO Psifja COCTOUT U3 MPOU3BEIAEHHUS STOr0 4ieHa
HAaTypaJbHOIO psila Ha PALMOHAJIBHBIM pAN, PACIOJAraroUIuMucs Mepea eIUHULEH

JTUCKPETHOr0 00BbeKTa. Mcronb3ys onepannio yMHOXKEHUS, MOXKHO U300pa3UTh:
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Bunum, 4To panuoHaIbHBIA Psii JTUCKPETHOTO OOBEKTAa COACPIKUTCS MEpes] Kaxaoi
€UHULICH BCETO HATYPAJIBHOTO psA/a JUCKPETHBIX 00BEKTOB. OOIIMI palnuoHaIbLHO-
HaTypaJIbHBIA psii HAUMHAETCS ¢ 00paTHOM OECKOHEUHOCTH, HO BOBCe He ¢ HyJs. Hymio —
OTCYTCTBHIO YHCJIa WM YaCTH Yucia (TUCKPETHOrO 0ObEKTa) HET MeCTa B PalldOHAIbHO-

HATypaJbHOM PAlY OJUHAKOBBIX TUCKPETHBIX OOBEKTOB.

VYcranosnenue 0 mepen 1/(N = o0) — Ka4YECTBEHHBIN TIepexo]| (IeHCTBUE), HE UMEIOIIHMA
OTHOIIIGHUSI K pPalMOHAIbHO-HATYPAIBHOMY PSSy JaHHBIX OJWMHAKOBBIX JIUCKPETHBIX
00bekToB. 0 03HAaUAET MOJIHOE OTCYTCTBUE JAHHBIX JUCKPETHBIX OOBEKTOB, U HE BXOJUT
B YKCJIO (KOJIMYECTBO W TOPSIIOK) JAHHBIX JUCKPETHBIX 00BEKTOB. (), B TAKOM cCllyyae,
«3 Ipyrou mecHu wiM omepb». 0 He MMeeT HUKAKOTO OTHOIICHMSI K KOJUYECTBY U
MOPSIIKY PACCMAaTPUBAEMOTO MHOKECTBA OJMHAKOBBIX JTHUCKPETHBIX 00BEeKTOB. 0 «BHE
3aKOHA» paclipe/ieNIeHUs pacCMaTPUBAEMOI'0 MHOXKECTBA IUCKPETHBIX 00BEKTOB. MOKHO
TOBOPUTH, uTO () B palluOHAIbHO-HATYPAJIBHOM PSIy OJIMHAKOBBIX JUCKPETHBIX 0OBEKTOB
ABIIIETCS aOCTpaKIlMel, He UMeEIoleld OTHOIICHH K JaHHOMY psay. Eciau manubIl psij
NPEJICTAaBIIsIET HEYTO CYIIECTBYIOIee, maTepuanbHoe, To (0 B Hayame 3TOro psaa
O3HAYaeT HECYIIECTBOBAaHUE MATEPHAIILHOTO, HEMaTepuio. JTO abcTpakuus (BBIIYMKA,
danTa3zug), NMpU3HAHKUE, MPUHATHE HECYOCTAHIIMAIBHOTO, HEMaTepuajibHoro mupa. 0 —
Huuto, Torna xak panuoHalbHO-HATYpaldbHbBIN psian UTO-TO, U CTaBUTh UX B OJUH Pl —
aocypa. Taxxke u ¢ JTHOOBIMH JIPYTMMH MaTepHATBHBIMU JUCKPETHBIMH OOBEKTAMHU.
Onnum cnoBoM 0-7151 HE CYIIECTBYET peanibHO, U 1/(N = o) HuKorga He paBHo 0-mro. 0
MOXET CYIIECTBOBATh, OBITh PEATHHOCTHIO TOJBKO B TOM CIIy4ae, €CJIM HE CYIIECTBYET
peanbHass Bcenennas. Takoe moryr pomyctuTh pasBe 4urto B l'mmorese bombmioro

B3peiBa, B CHHIYISIPHOCTH «TOUYKHU-BceneHHOM.

N orpunarensubix yucen B [Ipupoae Het. X npuaymanu u BBEJNIH JJIs1 MATEMATHYECKOTO
ynoocTBa. Bot ecTh B pupoie 0/1HAa IECUMHKA. A YTO TaKO€ OTpHIATEeNIbHAS TeCUYNHKA?
Takoro oObekTa HeT B mpupojae, Bo Bcenennoil. UMnu, ckaxeMm, e€cTb 3JIeMEHTapHas

yacTula 5JIeKTpoH. UTOo Takoe oOTpUIAaTEIbHBIN 3JekTpoH? Hetr Takoro oObekra.
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ITo3uTpoH BOBCE HE OTPULIATENBHBIN 3JIEKTPOH. [103UTpOH — yacTuia, UMEIOIAs TaKylo
K€ Maccy, Kak M DJJEKTPOH, HO DJIEKTPUYECKUM 3apsf, IPOTUBOIIOIOKHBIN

ANEKTPUUECKOMY 3apsy dJEKTPOHA.

JleneHue ducen Ha NOJIOKUTENbHBIN PalOHAIBHO-HATYPAJIbHBIN Psii U OTPULIATEIIbHBIN
PAllMOHAIBHO-HATYPAJIbHBIM PsIJi TAKXKE HCKYCCTBEHEH U ycioBeH. B JlekaproBou
CUCTEME KOOpPAMHAT TIOJIOKUTEIbHBIE II0JyOCU W OTPULATENIbHBIE IIOIYyOCH IS
yo0CTBa, U HE OTpaXxaroT peajbHOCTH. B TpéxmepHoM mpocTpancTBe Beenennoi, ecnu
BbIOpaHa yClIOBHAs TOYKA OTCUETA, TO BCE HANPABIICHUS OT HEE, OT 3TOM YCIOBHOM TOUKU
UAYT B OECKOHEYHOCTh MPOCTPAHCTBA, M BCE YMCIOBOE JEJIEHHE BCEX HaIpaBJICHUMN
MOJIO)KUTENIHO B CTOPOHY OECKOHEYHOCTH BO BCe HampamieHus. [IpoTHMBOMOIOXHbBIE
HanpaBJIeHUsT 0003HAYAIOTCSI OTPULIATEILHBIMU YUCIAMH TOJIBKO NSl ynooctBa. Hauano
orcuéta «0» HE CYHIECTBYIOUIMMHU B NPUPOJEC T'€OMETPUUYECKUM OOBEKTOM «TOYKa» U

«gucaom 0» — Toxe JJI1 MaTEMAaTHYCCKOI'O y)106CTBa.

Bo3pMéM B TpEXMEpPHOM NPOCTPAHCTBE HEKOTOPOE YCIOBHOE HAYaJ0 OTCU€Ta U
HallpaBUM MO TPEM B3aMMHO OPTOrOHAJBHBIM HAIPABICHUSM OCU CO CTpPEIKamMu B
6eckoneunoctu. Bo3sméMm Hanpasnenue X. BrpaBo oT ycinoBHOro Havana uaétr ocb X—
CO CTPEJIKOM — HaIpaBo, BIEBO — OCh «—X CO CTPEJIKOM HalleBO. X— U «—X JIEKaT Ha
onHoit nuHuu. OO0e OCHM pa3MeYaroTCs OJWHAKOBBIMHU PpallMOHATBHO-HATYPATbHBIMU
psAaMM 4YUCEI OT YCJIOBHOTO Hadalla B CTOPOHY CTPENOK, T.€. HAlpaBO W HaJIEBO. Y
YCIIOBHOW TOYKHM WM CIpaBa U cieBa OT He€ uucio 1/(n = o). Yro xe mexay numu? B

caMOM YCJIOBHOM Hayajyie orcuéra?

TpanuoHHO (IPUBBIYHO) CTaBIT TOUYKY M MapkupyroT uucioM 0. B mpupoae HeT Hu
TOTO, HH JIPYroro, 0003HAYAIONINX peanbHbie 00heKThl. HO, Beab, 4TO-TO MOKHO OBITH
MOCTaBJICHO B ycl0BHOE Hauano! CKOJBbKO HU BapbUPYyH, HUYETO HE OCTAETCSI KpOME Kak
MOCTaBUTh TOYKY U 0003HAYUTH (-EM — HECYIIECTBYIOIIUMHU 00BbEKTaMH... To ke caMmoe

mo Y uZ. Hwuuro B Hauase Bcero!?
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Kakasi-to o0peuénnas 6e3BbIXOAHOCTH! UTOOBI KaK-TO BBIUTH U3 3TOTO OE3BBIXOHOIO
MOJIOXKEHHUSI, MOXKHO TMOCTaBUTh B HaUaso oTcyéTra 1/(N = o), T.e. BMECTO JIBYX CMEXHBIX
1 paBHbIX 1/(N = o0) moctaBUTh OMHO 1/(N = 00). DTO HeompenenEHHOEe OECKOHEUHO
MaJioe, HO peanbHoe uucio. M oHo yHuutoxkaet Huuto B Hawane. Jto yxe He Huuro, a
Uto-T0. TOJNBKO 3TO M OCTAETCS B YCJIOBHUSX OECCMBICIEHHOCTH mpuHATHS Huuto B

Hauaie Bceero.

Touka EBxinia — reomerpudeckas abctpakuus. B peanbHol TpéxmMepHON MaTepuaIbHON

Bcenennoii Takoro oonekta HeT. Ho uTo ke TOTrAa BCTAaBJISITh B HA4YAJI0 orcuéTa?

MOXHO CTaBUTh MAJICHBKUM KPYIJISAILIOK — MAJICHBKUM IIAPUK B IEKAPTOBOU TPEXMEPHOU
cucteMe KoopauHatr. Bce 6 oceil nekapTOBOM CHUCTEMBI KOOPAMHAT B TPEXMEPHOM
OPOCTpPAHCTBE OEpyT HaAyallo OT MIApUKAa W HaIpaBjieHbl CTpPEJKaMU [0 IIECTU
HaIlpaBJICHUAM OT IIapuka. Pa3meTka TOJIBKO IIOJOXHUTEIBHBIMU PAlMOHAIBHO-
HaTypalbHbIMH uyuciamMu. OTpULATEIBHBIX YKCENl HET B npupoae. OHM — yCIIOBHOCTD,
abcTpakuus (11 MaTemMaTtudeckoro gopmanusma u ypoocrtsa). UucinoBas och B J000M
HampaBJIeHUH OT HEKOTOPOI'0 Hayaja OTCYE€Ta HAUMHAETCsl ¢ OECKOHEYHO MaJIOTo YHcia U
YXOIUT B OECKOHEYHOCTh — OECKOHEYHO OOJIBIIOE YHUCIO. OTO HEOorpaHUYEHHas
YUCI0Basi OCh(C HAYyajloM, BBIPAXKAEMbIM OECKOHEYHO MallbIM YHCJIOM), YXOJsIias B

OECKOHEYHOCTh HAa OECKOHEYHO OOJIBIIIOE YHUCIIO:
1/n -—b—>———n
rae N —oo.

Hauvaino — oOpaTHOM 0€CKOHEYHOCTHIO, K nepudepun — npsiMmoit 6eckoHewHOCThI0. Hekuit
HE3aMKHYTBI WHTEPBAJI 0OpATHOM U MPSMOI 0€CKOHEYHOCTH. beCKOHEUYHOCTh K Hadamy
n OECKOHEYHOCTh K mepudepuu, mMpudéM, BO BCEX HAMPABICHUSX OT MPOU3BOJIHHOTO
Hayajga oOTcu€Ta. ODTO MOXKET OTpakaTh HEOIPAHMYEHHYIO HHUrJe OECKOHEYHYIO

Bcenennyro.
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TpéxMepHOCTh peaibHOr0 MPOCTPAHCTBA

[Touemy peanbHOe BceneHckoe mpocTpaHcTBO TpéxmepHOo? Ha 3TOT Bompoc HET OTBETa
yKe ThIcsiun JieT. Mbl He 6epéMcs OTBETUTh Ha BOIpOC ThicsueneTuil. Ho mopaccyxmpaem

Ha OCHOBE HEKOTOPOIO MOCTYJaTa, BO3BOAUMOTO A0 npuHiuna [Ipupoasl.

B Ilpupone nerictsyer Ilpununun HeorpanumdeHHocTH Bceenenckoro IIpocrpancrsa.
CyTp 9TOro mnpuHOMIA B TOM, 4YTO MPOTSKEHHOCTh BCEIEHCKOro mnpocTpaHCTBA
HEOrpaHMYEeHHA BO BCEX HampaBiieHUsX. HeorpaHn4eHHOCTh Mojapa3zyMeBaeT (COACPKUT
B ce0e) OTCYTCTBHE IIPENEJIOB BO BCEX U JIIOOBIX HampaBieHMsX. HeorpaHudeHHoe

MPOCTPAHCTBO HC 3aMKHYTO.

WNnorpa «mycroe» TpEXMEpPHOE MPOCTPAHCTBO CUMUTAIOT HEKUM CYIIMM, B KOTOPOM
colepkarcsi  MarepuanbHble  cymHOCTH. Cylee cuuTaeTcss HeMmaTepuaaIbHbIM
BMECTWJIMIIIEM MaTepUalbHBIX CyIIHOCTEH. [IocKOIbKY HET MpU3HAKOB OTPaHUYEHHOCTHU
Bcenenckoro cymero (HecyOCTaHIIMAIbHOTO BMECTHIIMINA MAaTEPUANBHBIX CYIIHOCTEN),
OyznemM paccMaTpuBaTh IMPOCTPAHCTBA B HECYOCTAaHIMAILHOM U B HEMaTepUaIbHOM

BMCCTHJIMIIC.

PaccMoTpuM  HempepbIiBHBIE  CYOCTaHIIMAJIbHBIE TMPOCTPAHCTBA  IOCJIEIOBATEIHHO
BO3pacCTalOUIMX HU3MEpeHUu, HauuHas ¢ (0-MepHOro B TPEXMEPHOM HEOTrPAaHUUYEHHOM

HGCY6CTaHHI/IaHLHOM BMCCTHUIIMIIC.

[IpotsxénnocTs 0-MepHOTO CyOCTaHIIMATIBHOTO MPOCTPAHCTBA HyJeBas. OHO aOCOIIOTHO
3aMKHYTO B HEOTPAaHMYCHHOM HECYOCTaHIIMAJbHOM BMecTWiuIIe. B abGcomoTHyIo
3aMKHYTOCTh ~HE€  BTEKA€T HHUYTO  MAaTEpPUAJIbHOE, IIOCKOJIBKY  BMECTHJIMIIE
HeMaTtepuasibHO. 13 abCONMOTHOM 3aMKHYTOCTHM HE HCTEKaeT HHMYTO, MOCKOJbKY B 0-
MEpHOM MpocTpaHCTBe HET HUYero. Camo 3To 0-MepHOE MPOCTPAHCTBO HE MATEPHUANIBHO,
U ero MOXHO cuuTaTh (-mMepHOM YacThl0O HECYOCTaHIMAJbHOI'O BMECTHIIMIIA.

AGcontoTHOoe 3aMKHYTOe (0-MepHOE CyOCTaHLMAIbHOE MPOCTPAHCTBO — HEKas «4EpHas
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AbIpa-TOYKa». H3BecTHRIE U YK€ TPUBBIYHBIC «YCPHBIC bIPBD» IIPOABIIAIOT cels
rpaBUTAlMOHHBIMU I1I0JISIMHU (HYCTB, BO BMeCTI/IHI/IH_Ie). «qepHa;I AbIpa-TO4YKa» K€ HUUCM

HE MPOABIIAET ce0s. DTO O3HAYAET, YTO TAKOI'O MPOCTPAHCTBA HE CYILIECTBYET.

[IpOoTsKEHHOCTh HENMPEPBIBHOIO CyOCTaHIMAIbHOIO 1-MepHOro mpocTpaHcTBa B
HeCyOCTaHIIMAIbHOM BMECTUJIMIIE MOXET ObITh HEOrpaHMYEHHOW BIOJb OJHOTO
U3MEpPEHUs — JIMHUM, HO OIPaHUYEHHOM B JIIOOBIX JAPYTUX HAINpaBIEHUSX BMECTHIIUILA,
HE COBNAJAIONINX C HAMpaBleHUEeM JUHUU. JIMHUS MOKeT ObITh a0COMIOTHO 3aMKHYTOH B
OKPYXHOCTH. AOCOJIIOTHO 3aMKHYTasi B OKPY>KHOCTU HENpEephIBHAs CyOCTaHIMaIbHAs
JIMHUS — «4epHas AbIpa-OKPY>KHOCTb», B KOTOPYIO HE BTEKA€T HUYETO MATEPUAIIBHOTO U3
BMECTHWJIMILIA 10 IPUYMHE OTCYTCTBHS MaTEPUU BO BMecTuiuile. M HE UCTEKAET HUYETO
BO BMECTUJIMIIIE MO MPUYUHE a0CONIOTHONW 3aMKHYTOCTH «UEPHOU ABIPHI-OKPYKHOCTHY,
T.€. OHA HE MPOSIBIIAET ce0s1. ITO 03HAYAET, YTO TAKOTO MaTepUaIbHOTO IPOCTPAHCTBA HE

CYIIIECTBYET.

[TpoTsKEHHOCTH CyOCTaHIIMATIBHOTO HEMPEPHIBHOTO 2-MEPHOTO MPOCTPAHCTBA MOXKET
OBITh HEOTPAaHWYCHHOW B 2-X HM3MEPEHUSAX, HO OTPaHWUYEHHOW B JIIOOBIX IPYTHX
HaNpaBJICHHUSIX, HE COBMAAIONINX C OPTOTOHAIBHBIMH HAIIPABICHUSIMHU JIBYX U3MEPEHUI
MOBEPXHOCTH. 2-MepHasi MOBEPXHOCTb MOXKET OBITh a0COJIFOTHO 3aMKHYTOH B cdepe.
AOcomoTHO 3aMKHYTass B cepe HempepbhiBHas JByMEpHas IMOBEPXHOCTh — «U€pHAs
nwIpa-cepay, KOTopas HHYeM HE OOMEHHBACTCS C BMECTHIIMIIEM, T.€. OHA HE MPOSIBIICT

ce0s1. DTO 03HAYAET, YTO TAKOTO MPOCTPAHCTBA HE CYIIECTBYET.

[TpoTs>KEHHOCTH HEMPEPBHIBHOTO CYOCTAHIMAIBLHOTO 3-MEPHOTO MPOCTPAHCTBA MOXKET
ObITh HEOTPAHMYCHHOW B JIIOOBIX HAMpaBIEHUSAX W HE 3aMKHYTOWH. TpéxmepHbie
MaTepHalbHble OOBEKTHI B  HEOTPAHMYCHHOM H  HE3aMKHYTOM  TPEXMEPHOM
CyOCTaHIIMaTbHOM TIPOCTPAHCTBE B3aWMOJICHCTBYIOT APYT C JPYTOM KOHTAaKTHBIM H

CUJIO-TIOJIEBBIM crioco0aMu. OHU CYIIECTBYIOT, IOTOMY YTO MPOSIBIAIOT ce0s 00bEeKTamu,
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UX CBOMCTBaMHM, MOTJIOUIEHUEM M HCIYCKAaHHEM HU3JyYEHUU B JIIOOBIX HAINpaBICHUSX.
AOCONIOTHO HENpPEphIBHOE CYOCTaHLIHMAIBHOE 3-MEPHOE MPOCTPAHCTBO YJIOBIETBOPSIET
IIPUHLMITY HEOTPAHWYEHHOCTH BO BCEX HAIPaBICHUIX. Takoe NpOCTPaHCTBO HE
3aMKHYTO M MPOSBISET ceOsl B3aMMOACHCTBUSMU KaK HEMOCPEICTBEHHO KOHTAKTHBIMH,
TaK W MOJEBbIMU. TpEXMEpPHOE MPOCTPAHCTBO — HE «UEpHas AbIpa-mpocTpaHncTBO». OHO
MPOSIBISICTCS, OHO  CyHIeCTByeT.  Takomy IPOCTPAHCTBY HE  TpeOyeTcs
HeCcyOCTaHLIMaJIbHOE  «cyllee-BMecTuiuiie». OHO camMo  fABISAETCS  peajbHbIM

BMCCTUIINIIEM JUCKPCTHBIX MATCPUAJIbHBIX 00BEKTOB M CHJIOBBIX (1)H31/I‘ICCKI/IX MoJICH.

Ha TpéXMepHOM MPOCTPAHCTBC BBIITOJIHACTCA HpI/IHHI/Il'[ HEOIrPAaHNICHHOCTH

IIpocTpancraa.

TpI/I N3MCPCHUA HCO6XO,}II/IMBI )51 JO0CTaTOYHBI JJIA HeﬁCTBHH l'[pnmmna

Heorpanndennoctu Ilpocrpancrna.

[IpocTpancTBa 4-x u Oosee U3MEpPeHUN — U3NUIIeCTBa 11 BcenenHoii.

3arajka KBaJJpaTUHYHOCTH PACCTOSIHUS B 3aKOHE BCEMHMPHOI0

TATOTCHUHA

PaccMoTpuM «cTaruBaroniee» moJsie HanpsHKEHHOCTH TPABUTALMOHHOIO IIOJIS B CBSI3U C
3arajikoil 00paTHO-KBaAPaTUYHON 3aBUCUMOCTU I'PAaBUTALIMOHHON CUJIbI PUTSHKEHUS TEN
OT PacCTOSHMSI MEXIy HUMHU. MIMEeHHO 3arajku, OTOMY YTO HET 3TOMY (DPH3UUYECKOTO
OOBSICHEHHST HM B OJHOW OOIIECTIPUHATON Teopuu rpaButanmu. Ilepas ¢uzmdeckas
teopusi rpaButauuu Jle Caxa o0OBsACHsUIa 3Ty 3araJiky, HO, BBHUJlY MHOXECTBa
MPOTUBOPEUHM C KHHETHUYECKOM TEOpPUEH Ta30B U JJIEKTPOMATHUTHOW TEOpHUEU

MakcBemna, OHa HE NOJNYy4YWia MPU3HAHUSA WU IIHPOKOTO pPacHpoCTpaHeHus. Tem He
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MEHEe, MOMBITKU MPUBJICUYCHUS €€ MPEAIPUHUMAIOTCS W B HBIHEIIHEE BpEMs, YKE C
yaetoM CTO, OTO u KBaHTOBOW 3JEKTPOAMHAMHKHU. JIJIsI TPUHATUS W NPU3HAHUSA
KBAHTOBOM TEOPUHU TpaBUTALMUU HEAOCTAET, MOXKHO CKa3arb, CaMOM MAJIOCTU —
I'PaBUTOHOB. JlecATUIIETHS TONBITOK OOHAPYKEHUSI ATUX YACTULl HE MPUBEIU K YCIIEXY.
[loaToMy Hambosiee 3HAUMMbIM BKJIQJOM B Pa3rajKy 3arajJiku KBajJpaTa pPacCTOSHHS B
3aKoHE BCEMHUPHOTO TATOTEHHUS OCTaeTcs yTBepxiaeHue Kanta o ToMm, 4YTO mpuyuHa
KBaJIpaTUYHOCTU PACCTOSIHUSL B TpeXMepHOCTH mpoctpaHcTBa. Ho dwunocodp Kaut
OTpaHUYMJIICS JHILb YTBEPXKJICHUEM, U HE JaJl JOTHYecKoro ((pu3MKo-MaTeMaTuyecKoro)
NOSICHEHUS] BIUSHUA TPEXMEPHOCTH TMPOCTPAHCTBA HA CTENEHb PACCTOSHUS B 3aKOHE
BCeMUpHOro TtArotenus. [loaToMy 3arajgka ocTaercsl 3arajkod yxe Ha NpPOTSKEHUU

COTEH JIET MOcie OTKPBITHS (MaTeMarndeckoro) HeroroHa.

ITonbITaemcs MMPOACHUTL YTBCPIKICHUC Kanra na XOpoHmo M3BCCTHBIX M IPHUHATBHIX B
HAYKC IMOHATUAX. He 3aTparuBasid «6yKBI>I 3aKoHa» BCCMHUPHOI'O TATOTCHM:A, IICPCIIMIIICM
€Iro B BUAC:

F=(GM/RY)m, (43)

rae F— cuna nputskeHus nOpuTsaruBarpomeil maccsl M, ropazmo npeBOCXOIAIIEH
npuUTATMBaeMyr Maccy M, G — rpaBUTallMOHHAs MOCTOSIHHAs, R — paccrosiHue MexmIy
IEHTPOM Macchl M 1 «ipoOHO» Maccoii M, KOTOPYIH MOYKHO CUHUTATh TOYCUHOM IO

cpaBHeHHIO ¢ M. YMHOXHMM YHCIIUTENh U 3HAMEHATEIb B CKOOKax Ha 47
F=(4n G M/4n R®) m (44)

4nR? — nnomans noBepxHocTH cdepsl pamuyca R. Torma M/4nR2 npencrasiser co6oit
KOKYIIYIOCS, HO TOYHYIO TIOBEPXHOCTHYIO TUIOTHOCTh Macchl M Ha »dToil cdepe.

O6o3HaunM €€ Kak pms ¥ nepenuiiem (44) B popme:
F=(4nGpms) M (45)
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Ecnu npunsate 4n G pms = gwms, TO (45) mepenuiercs B BUJIE:
F=gms m, (46)

KOTOpBI B 3€MHBIX YCJIOBHSIX BbIpaxkaeT Bec (P) Tena BOJIM3M MOBEPXHOCTU 3€MIIH,
P=gm, g — yckopeHue cBOOOJHOIO MajieHUsl. Y CKOpeHHe CBOOOTHOTO MaICHUSI MOXKHO
paccMaTpuBaTh ~ KaKk  KUHETU3UPOBAaHHYI0  TOTEHLUMAIBbHYIO  HANpPsSKEHHOCTb
IPABUTAIIMOHHOTO TOJs BOJIM3M TMOBEpXHOCTH 3emiau. B oOmem ciydae Qwus —
HANpsLKEHHOCTh TPABUTAIMOHHOIO MOJIS MpUTAruBaroei Mmaccel M Ha pacctosauu R ot
e¢ wnenrpa. Ecam Ha 53TOM paccTossHUM WM B J1000M Apyroi Touke cdepbl
paanyca R Haxomutrcss mMacca M, TO OHA NOJA JEWCTBHEM HAMpPsHKEHHOCTH — Qs
LEHTPAJTbHO-CUJIOBOTO TPaBUTAIMOHHOTO TIOJIA NpUTATHBawome wmaccel M Oyner
UCTIBITBIBATD CHITY NIPHUTSDKCHHS (46), M IPU  OTCYTCTBHUU MPEMATCTBHS OYyJET MajgaTh K
macce M c yckopennem Qws = 4nGpwms. [logcTaBuB u3BecTHBIE Maccy U panyc 3eMiu B
PMs , HETPYJHO YOEIUTHCSA B TOM, uTO B ciydae 3emuid popmyina  Ous = 4nGpms  Jaer
XOPOIIIO W3BECTHOE 3HAaY€HWE ( YCKOpPEHHUs CBOOOTHOTO mMajeHus. M3 3Tux BBIKIAIO0K
BBITEKAET, YTO B JI000M Touke cheprl pamuyca R oT reomMeTpuyeckoro meHTpa MaccChl
M BO3HMKaeT OIpeAeIeHHOE 3HAYCHHE HANPSHKEHHOCTH TPABUTALIMOHHOTO MOJIS,
KOTOpasi MPONOPIMOHANIBHA MOBEPXHOCTHOM MIOTHOCTU Macchl M, ecnu Obl oHa ObLia
PaBHOMEPHO pacrpesereHa mo moBepxHoctu cdepsl. [loBepxHocTHas ke mIoTHOCTE M
Ha cepe paamyca R oOpaTHO-TIpomopriMoHadbHA TUIOMIATU MTOBEPXHOCTH chephl, a
IWIOWAab IOoBEpXHOCTH cdephl paBHa 4mR2. OTcioga CTAaHOBUTCS IIOHATHOM HpHpOA

KBaJpaTa paccTOSAHUS B 3HaMeHaTese 3akoHa BecemupHoro Tsarorenus.

Cnengyer 3aMeTHTh, 4YTO B BBIKIAJKaxX HE OBUIO HHU OJHOM THUIOTE3bl WIH HE
OOIIEPUHITOT0 HAyKOW moJjokeHus. [loBepXHOCTHas TMJIIOTHOCTh Macchl Ha cdepe
MPOU3BOJILHOIO paanyca R MOXeT BbI3bIBATH COMHEHHE, HO 3TO HE peajbHO
pacmpeneneHHas mo Bceil moBepXHOCTH chepsl Macca M, a “kaxymasics”, TeM HE MEHee,

COBEPIIIEHHO TOYHAs U ‘“3aKOHHAS B (PU3UKO-MATEMATHUYECKUX MPUEMaX.
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Takum 00pa3oM, 3aKOH BCEMHUPHOrO TITOTEHUS OCBOOOXKAAETCS OT «BPOXKIAEHHOU
3aralogyHoCcTH». YTBepKaeHne Kanrta o TOM, 4TO NpUYMHA KBaJAPATUYHOCTH PACCTOSIHUS
B 3HaMmeHatesie (OpPMYJbl 3aKOHA BCEMUPHOrO TATOTEHUS B MEPHOCTU MPOCTPAHCTBA
NENCTBUSA 3aKOHa, MTOATBEPKIACTCSL. Crenenn paccTosHUS MEXIY
B3aMMOJICUCTBYIOIIMMUA OOBbeKTaMu Oepércs Ha | MeHblIe MEPHOCTHM NPOCTPaHCTBA

nenrctBud dtux Cumi:

F=GMm/RP, (47)

rie D — mepHOCTB IpocTpaHCTBA.
Cuna B3aUMHOTO TPABUTALMOHHOTO NPUTHKEHUS TEI B TPEXMEPHOM MPOCTPAHCTBE

O6paTHO'HpOHOpIII/IOHaJILHa BTOpOﬁ CTCIICHU PACCTOAHUA MCIKIY UX HCHTPpAMU.

B cnydae nByMEpHOTro MPOCTPAHCTBA HAMPSHKEHHOCTH «IBYMEPHO-TPABUTALMOHHOTO

NOJIs» BBIpA3HIIACh OBl Uepe3 JIMHEHHYI0 (OKpYXHYI0, 2TR) MIOTHOCTH MacChI.

HNHTepecHO 3aMeTHTh, YTO IO ATOW JOTUKE B OJHOMEPHOM IMPOCTPAHCTBE HE OBLIO OBI
HUKAKOW 3aBUCUMOCTH CHUJIbl B3AaUMOJICMCTBUSI OT PACCTOSIHHUS MEXIy MaccaMu. B sTom

ClTy4yae peaan30BbIBAIOCH ObI HBIOTOHOBO MalIbHOICHCTBHE.

[TomoOHBIE k€ BBIKIAJAKKA MOXKHO caenaTh U ¢ KynonoBckum B3aumoselictBueM. Bmecto
MOBEPXHOCTHOM TUIOTHOCTH MAacCChl OYJET MOBEPXHOCTHAS IJIOTHOCTH DJIEKTPUUYECKOTO

3apsja.

O6uiee TYT B 3aKOHOMEPHOCTH HM3MEHEHUS (DYHIAMEHTAIbHBIX T'PABUTALIMOHHOTO M

AJICKTPUYSCKOTO CHJI OT IIOBEPXHOCTEH KOHIICHTpHUCCKHX cdep B TpéXMepHOM
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cyOcTaHIIMaIbHOM SP-IPOCTPAHCTBE. DTO ONPEAEIEHHO TOBOPUT O PELIAIOIIEM BIUSHUN

DcnuTails Ha SBJIEHUS U IIPOLIECCHI BO BCEIeHHOM.

IIpocTpancTBO, BpeMs, ABHKEHHE

[IpoctpanctBo Bo Bceenennoit tonbko TpéxmepHo (3D mpoctpanctso). IIpoctpaHcTBO
CYIIECTBYET, cymiecTByeT B 3D npoTskérHOCTH. [IpoCTpaHCTBO CyIIECTBYET MOCTOSIHHO,
MIOCTOSTHHO BO BPEMEHHOU IUTENbHOCTH. Eciin ObI HE OBIIIO BPEMEHHOM UIUTEIHHOCTH,
T.€. BPEMEHHas JJINTEIBHOCTh Obla Obl HyJIEBOW, TO He ObuIO Obl IpocTpaHcTBa. B
HYJIEBOW BPEMEHHOW JIMTETHFHOCTH He cymiecTBoBasio 061 3D mpoctpanctBa. D u T He
MUMEIOT CMBICIIa OJJHO Oe3 npyroro, B otaenbHocTd. OHE ciutHBI B DT, U cymecTByeT B
peanbHOCTH Ha camoMm jene umeHHO 3[DT]| mpocrpancrBoBpemsi. 3D-npocTpaHCTBO
abcooTHO HenmpepblBHO. HenmpepbIBHO U aOCONIOTHOE BpEMsl, CIIUTHOE C aOCOIIOTHBIM

IPOCTPAHCTBOM.

[IpoctpancTtBo — Space, Sp-anemeHT (Dcnu-aymemMeHT) B YpoBHEBBIX Cucremax

€CTECTBCHHBIX 3JIEMEHTOB BceaeHHOM.

Bpems — Time (kpatko Ti, B pycckom npousHoinenuu Taii). 3[DT] mpocTpancTBoBpemMst
ecTh Dcrutail. McXoas U3 COBPEMEHHBIX OIEHOK pa3MepOB JJEKTPOHOB M HYKJIOHOB,
MOKHO OLIEHUTb, YTO OTHOIIIEHHE 00bEMa aToMa K 00BbEMY €ro 3JIEKTPOHOB U HYKJIOHOB
cocraBnsger 10%°, T.e. momaBnsromyro yacte 00BbEMa aTOMOB, COOTBETCTBEHHO BCEii
BellleCTBEHHON BceneHHoil cocTaBisieT MpOoCTpaHCTBOBpeMsi — Ocmutail. bonee Ttoro,
AJIEMEHTAPHBIE YaCTUIBI TPEJCTaBISAIOT c0o00i  (opmbl, (GUrypbl BO30YKIEHHBIX
coctosiHui Ocmutaiig. TakuMm 00pa3oM, MOXXHO TOBOPUTh, 4YTO CYyOCTaHIIMATBHO-

MarepuainbHas Beenennas — DcnuraitHas Beenennas.
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Yro ectb Touka? Touka — orcyrctBue Bcex J3[DT]-uamepenuii B DcrnuTaiiHOM
Bceenennoit. OtcyrcTBre uero-inbo odo3navaercs kak 0 (Hoib). TakuM oOpa3om, Touka

— Houb BeeX 3[DT]-m3mepennii. CymecTByeT JIM TaKOi 0OBEKT KaK TOYKa?

DTO 3aBUCUT OT TOrO, CYMIECTBYET JIM pealibHO HOJb Bcex Tpéx 3[DT]-m3mepennii
Ocnuraiis. Het, He cymectByeT. [lotomy uto 0 BpemeHU (HE YCIOBHBINM, a aOCOIIOTHBIM
0 BpemeHu) omnpenenser HecyllecTBoBaHue Bcex Tpéx D-usmepenuit, T.e.
HECYIIIECTBOBaHUE (OTCYTCTBHUE) CaMOro MpocTpaHcTBa. A B OcmnuraiiHoi BceneHnoit
HET HUTJIC U HU B YeM, IJle U B 4€M He CyllecTBOBa Obl DcrnuTail. Touku U Hynu He
MOTYT OBITh aOCOJIOTHBIMHU, pealbHbIMU. OHU MOTYT OBITH TOJBKO OTHOCHUTEIIHLHBIMH,
YCJIIOBHBIMHM, WHa4€ TOBOPS, aOCTpakTHhIMH. MM MOXHO 0003HayaTh JIUIIL YCJIOBHO
«MECTOBPEMSIIONOKECHUE» Ha JIIO00W OCHUTaWHON MPOTSHKEHHOCTH KaK YCJIOBHBIC

OTHOCHUTEJIbHBIC Hayalia OTCUYETOB.

[Io Herotony abcomoTHOE TpEXMEPHOE MPOCTPAHCTBO M aOCOJIOTHOE OJIHOMEPHOE
BpeMsi BceneHHOW paccMaTpuBaIuCh pas3fiesibHO. B DUHIITEMHOBCKOM pEISTUBU3ME
OTHOCHUTEJIbHBIE TPOCTPAHCTBO M BpPEMs pacCMaTpHUBAIOTCS COBMECTHO B 4-MEpPHOM

IPOCTPAHCTBE-BPEMEHH.

B OcnuraiiHoit BcenenHnolt a0CONOTHOE TPOCTPAHCTBO M aOCOIIOTHOE BpeMs

paccMaTpUBAIOTCS CIUTHO B 0iHOM abcomnmotHoM 3[DT] Denuraite.

3[DT] Ocnurait — abcoitoTHAas HEMOJBHXKHAS  CYIIHOCTh  CYOCTAaHIIMAIbHO-
MarepuaiibHOW BcenenHol. AOCONIOTHO HEMOJBIIKHASA (TIOKOSIIASICS, 3aCTHIBIIAs)
cyOcTaHIMsg-MaTepusi HHYEM He mposiBisieT cebs. He mposBusThCsS paBHO3HAYHO HE
CymiecTBOBaTh. [IposBISATHCS UYTO-TMOO MOMKET TOJIBKO HW3MEHEHHEM, JIBHIKCHHEM,
JBUKEHHEM a0COIIOTHBIM, IBUKEHUEM OTHOCUTEIBHBIM OTHOCUTEIBHO YCIOBHBIX TOUEK
B 3[DT] Ocnuraiisi. AGCOMIOTHOE NBIKEHUE B DCIHTalie — IBIKCHHE ¢ MAaKCHMaIbHOU
(a0COIIOTHOM) CKOPOCTBIO. DTO CKOPOCTHh CBeTa B BakyymMe. C TaKUMH CKOPOCTSIMHU B

Ocnuraile ABMXKYTCA POoTOHBI U HeTpuHO. DOTOHBI U HEUTpUHO — PuUrypsl (Ppopmbi)
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YOPYIUX BO30YXIEHUM DcnuTaiis. NEKTPOH U MO3UTPOH — TOPOUIATIbHBIE 3aBUXPEHUS
(POTOHOB 1 HEUTPUHO. DIEMEHTAPHBIE YACTUILIBI, AaTOMbBI, MOJIEKYJIbI, HAHOYACTHULIbI, TEJIA,
HeOECHbIE Tejla HaXOIATCA B OTHOCHUTEIBHOM JBWXXKEHUU JPYr K JAPYry U K JH00Oi

YCJIOBHOM TOYKE DCIUTAMS.

Bce abcomioTHbIE M OTHOCUTENbHBIE NIBM)KEHHS B OCHHTaiie MPUCYIIA ODCMUTAHHON
Bcenennoil. CyuTarOT, 4YTO B OJHOM JHUTPE MEKTAIAKTUYECKOTO IPOCTPAHCTBA
CTATUCTUYECKH coJiepKaTcs: He MeHee oaHoro aroma, 500 teicsau ¢poToHOB U 450 ThICSY
HEUTpUHO. OcnuTaii HE MbICIUM (HEe CcyllecTByeT) 0e3 MABMKEeHHH. «YHucThliiy
(coBepiieHHO HE BO30YXIEHHBIN) DcnuTail — npenenbHoe (abcTpakTHOE) cocTosiHue. B
OO0  yCIIOBHOM TOYKE OcCnuTaisi HMMEIOTCA CTallMOHApHbIE U JUHAMUYECKUE
IPAaBUTALMOHHBIE M DJIEKTpUYECKHUE Toysl.  MOXHO TOBOPUTh, YTO JBHKECHHE —
n3meHenne 3[DT]-usmepenuit B OTHOCHTEIBHOM (YCJIOBHOM) BPEMEHHU WM M3MCHCHUE
ycioBHOro BpemeHu ¢ m3meHenuem 3[DT]-usmepenuii. Bee ABMKEHUSI HETPEPHIBHBI,
IIOCKOJIBKY HEIIPEPBIBHO IPOCTPAHCTBO U HEIIPEPHIBHO BpEMs. DCIUTAll HE MBICINM (HE

HUMCCT CMBICJIa) 0e3 TPUCINHCTBA HCIIPCPBIBHLIX IIPOCTPAHCTBA, BPCMCHHU U ABUKCHUA.

HenpepbIBHOCTH NPOCTPAHCTBA, IBUKEHHUS U BpeMeHH

Uucna u omepauuu (orneparopbl) ¢ (HaJ) 4MciIaMU — CyThb MaTeMaTWKA. MHOXKECTBO
YUCEJl COCTAaBIIAET YHUCIOBOE MHOYKECTBO, MAaT€MaTHYECKOE MHOKECTBO, MHOXECTBO
MaTeMaTUYeCKUX OOBEKTOB — EIMHUI], YacTe €IWHUII, KOTOPhIE TOXKE €IWHUIIbI, HO
JApYTHX Pa3psaoB, Ipyrux MacmrtaboB. YUucna, mo cyTH, Mo IPUPOIE CBOCH JUCKPETHBI,
CKOJIb ObI MaJIbl OHM HU OBUTH. MeXIy JIIOOBIMU YHCIIaMH UMEIOTCS TIPEPBIBBI, CKOJb
YTOJHO MaJjible, HO MPEPbIBbl. ITO CBOMCTBEHHO YMCIAM, IO ONPEIEIEHUI0, 10 CYTH, MO
npupoae ux. Moxer au npupoja, BceneHHas MONMHOCTBIO ONMKUCHIBATHCS MAaTEMaTUKOM,
T. €. yucinamu? Iludarop yrBepxknan: «Bcé€ ectp umcna u oTHoueHus». Bc€ — Bed
Bcenennasi. @akTuuecku 3TOMY CIE0BalIoCh B (u3MKe ApuUCTOTENs, B MeTapu3uke u
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CJIEAYIOT MOHBIHE B TEOPETHUUECKON (MaTeMaTtuueckoil) pusuke. VICTUHHO U U3peyeHue
[MTudaropa? Emé c JlpeBHedt Dmianbl, ¢ mpoOiieMbl AEIMMOCTH OTpe3Ka HU3PEUCHUE
[luparopa mnpuHumaercs UCTUHHBIM. [loToMy YTO Marepusi BOCIHPUHUMAETCA
(oTpaxkaeTcs) CO3HAHMEM TOJBKO JHUCKpeTHOM. M cedvyac WUAYT NOHUCKU «TEOpUi
Benukoro  oO0benuHeHusi»,  «reopuid  Bcero» Ha  «HHMBE»  TEOPETHYECKOM
(matematuueckoit) pusuku. Ho Bcé nu Bo Beenennoit nuckperno? JluckpetHas Marepus
— Jla. Ha Bcex ypoBHSIX OpraHu3aliyd MaTepuu, OT JIEMEHTAPHBIX YaCTHI] A0 ralaKTHUK.
Ho Bcenennas He «3acThiBlIash AMCKpeTHas matepus. [luckperHas martepusi Bceria
HaxXOAUTCS B COCTOSHMM JBW)KE€HHUA. WM TOKOW — 4YacTHBIM chydail JBHIKEHHS.
CrnenoBartenbHO, AUCKpPETHAsT MaTepusl BCEraa B JBMXKEHMHM. Marepusi U JBUKEHUE HE

OTACIINMBI. I[I/ICKpCTHO JIU ABUXXCHUC )IHCerTHOﬁ MaTCpI/II/I?

IIo (I)I/ISI/I"IGCKOMY OIIPCACICHUIO: ABUKCHUC — HU3MCHCHUC IIOJIOKCHUA YaCTUIIBI
OTHOCUTCJIbBHO JpPYyrux 4YacCcTul C TCUCHUCM BpPCMCHU. Kakux ApYyrux ‘IaCTI/III?
HGOHpGI{GHéHHO. I[JI}I OHpCIIGJ'IéHHOCTI/I Cy3uM: IABHWIKCHUC — HU3MCHCHHUC II0JIOKCHUA
HJaCTUIbl OTHOCHUTCIIBHO z[pyroﬁ YaCcTHUObl C TCUCHHUCM BPCMCHU. Hmeewm: JABC 4aCTHUIbI,

OTHOCHUTCIBHOC ITOJIOKCHUC YaCTHII.

[lycTh B Bakyyme BO3HUKIH (IIPUBHECIHN) JIBa HEUTPOHA. OTHOCUTEIBHOE MOJOKEHUE —
HEKOTOpasi JUIMHA OTpe3Ka MEXIy IIEHTpaMHU HEWTPOHOB, TOpa3/io MPEBBIIIAOIIAS
paauyc JAeUCTBUS SACPHBIX CHI. ['paBUTAIMOHHBIM TPUTSHKCHHEM TaKKe MOMXKHO

npeHeOpeyb, BBUAY MAJIOCTH X Macc. Bpems?
Paccmotpum 3 ciyuast.

1. Buemnee BpeMs. Ecnu qinHa oTpe3ka He M3MEHSIETCs, TO HET JABWKeHHs. Eciau HeT
JNBHXKEHUS, TO BpeMs HM K udemy. Ho «BxiroumM» Hekue BHemHuHE 4dacel. YUepes ~16
MHUHYT 00a HEUTpOHA pacnajyTcsl Ha JiBa MPOTOHA, JIBa JJIEKTPOHA U JBa JIEKTPOHHBIX
AHTUHEUTPUHO. DIEKTPOHBI U AHTUHEUTPUHO TYCTh «BBIOBIBAIOT W3 MTPHD» 32 MPEEIbI

«TeaTrpa JAEUCTBUS» JBYX OCTAaBIIMXCS MPOTOHOB. OJEKTPUYECKHM OJHOUMEHHO
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3apsKEHHBIE MPOTOHBI OYIYT OTHANATHCS APYT OT JIpyra. ITO PaBHOCHIHHO JIBUKEHUIO
OJHOIO IIPOTOHA OTHOCHUTEIBHO JpPYyroro. BHemHee BpeMs BCE €LIE «BKIOYEHO).
OTpe3oKk [IMHBI MEXAY JABYMS NPOTOHAMHU YBEIMYUBACTCA CO BpPEMEHEM, T. €.
[IOJIOKEHUE OJHOIO IIPOTOHA OTHOCUTEIBHO JPYyroro MNpoTOHA H3MeHseTcs. Bc€ B

TOYHOCTH IIO (1)I/ISI/I‘IGCKOMy OMpCACIICHUIO JIBUXXCHUSI.

2. JlokanbHoe Bpems. «lIpuBspkeM» 4Yacel K BO3HUKIIMM HeWTpoHaMm. «lIpuBsizanHbIe
yacel» OYJyT TOKa3bIBaTh (OTCUUTHIBATH) HEKOTOPOE JIOKAIHHOE (JIOKAJIM30BAHHOE B
IBYX HEWTpoHax) BpeMs. HeWTpoHBI HEMOABUKHBI, T.€. HE U3MEHSETCS OTPE30K MEXKIY
HUMH. JIOKanbHOTO BPEMEHM HET, IIOCKOJbKY HET OTHOCUTEIBHOTO JBUIKEHHS
HEUTPOHOB. OTCYTCTBHE BPEMEHM HE O3HAYAE€T OTCYTCTBHE Marepuu (HEUTPOHOB), a
OTpakaeT JuIIb OTCYTCTBUE ABWKEHMS. Ho mo mpomrectBuu ~16 MUHYT 1O BHEIIHUM
yacaM HEHUTPOHBI UCUE3AI0T, U BMECTO HUX HA UX MECTE IMOSBIISIIOTCS MIPOTOHBI, KOTOPBIE
TYT K€ HAYMHAIOT OTHANATHCA JIpyr oT Apyra. C MOSBICHUEM JBUKEHUS BKIHOYAIOTCS
JoKanbHbIe yackl. C MOMEHTA MOSABIICHHS MPOTOHOB JIOKAJIBHBIE YaChl U BHEUIHUE YAChI
MIOKa3bIBAIOT OJJUHAKOBBIN «OET BpeMEeHU», KOTOPbIM MOXKET MPOJINThCSA BeuHo. U 31ech
no (u3nMUecKkoMy OIpPENEICHUIO JABMKEHUS, HO C «MOMEHTa OTCYETA» JIOKAIbHOI'O

BPEMEHU.

3. Buyrpennee Bpems. «[lomectum» 4acel 1Sl ONPEAEIEHHOCTH BO BHYTPb OJHOIO W3
HEUTPOHOB. B COOTBETCTBUM C MPUHIIMIIOM COXPAHEHHs] a0COJIOTHOTO JIBUXKEHUS BCE
AJIEMEHTapHbIE YaCTHIlbl, UMEIOIIME Maccy, 001aJaloT BHYTPEHHUM JBHKECHHUEM,
aOCONIOTHBIM JIBHOKEHHEM C aOCONIOTHOM CcKopocThio. [loaToMy «uackl BHYTpHU
HEUTPOHA» MOKAa3bIBAIOT €ro BHyTpeHHee Bpems. [lo ucteuenun ~16 MUHYT HEHTPOH B
OCHOBHOM CBOHM Macce MpeBpaliaeTcsi B MPOTOH, B KOTOPOM a0CONIOTHOE JBUXKEHUE C
a0COMIOTHOM  CKOpPOCTBIO  coxpaHsieTcsi. [lodToMy «BHYTpEHHHE dYacbl» OyayT
MPOAOJDKATh «PETUCTPUPOBATH» BHYTPEHHEE BPEMS, HO YXKE€ B JIPYrOd JIEMEHTaApPHON
gactuie. [locKonbKy MPOTOH cTa0WiIbHAS YacTUIA, BHYTPEHHEE BPEMS MOXKET «T€Ub)» B

HEeM BeyHO. Ho make ecnu mpOTOH MPETEepPHUT NMPEBPALICHUS B JIPYTUE AJIEMEHTapHBIE
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YaCTULIbl, BHYTPEHHE BpEMs IMPOAOJDKUT «T€4Yb)» BEYHO B JPYIHX DJIEMEHTapHBIX
yacTtanax. PakTu4eCcKu BHYTPEHHEE BPEMsI ¢ MOMEHTA BO3HUKHOBEHHUSI HEUTPOHA TEYET
TaKXe Kak U BHemHee BpeMs. M B 3TOM ciydae BCE IO ONPENENICHUIO ABUKEHUS, HO C
«TOYEK OTCYETA» BHYTPEHHUX YACOB DJIEMEHTApHBIX 4YacTULl. BHemHee Bpems - Bpems
IU1s1 Bcer BeeneHHoM, Toraa Kak BHYTPEHHEE BpeMs Ul KaKI0M 2JIEMEHTapHON YaCTULbI
Ha BpEMsl €ro CYLIECTBOBaHHUA. JJIEMEHTapHbIX YacTull Bo BceneHHOW OeckoHeuHOE
MHOKECTBO. 3HAUYUT OECKOHEUHO U MHOXXECTBO BHYTpEHHUX BpeMEH. CnefoBarenbHo, y
Bcenennoit Het usnuecku omnpenenénnoro Enunoro Bpemenu. Bueminue yackl Obuin
MIOCTaBJIEHbl YCIIOBHO (IO MPUBBIYKE), U OHHU, & TAKXKE «OTOMBaEeMOe» MMM BpeMsl He
UMeroT (u3nyeckux OOOCHOBaHUS M CMbICIA. BeCKOHEYHOE MHOMXECTBO BHYTPEHHHX
BPEMEH HE MOXKET COCTaBUTh HEKOe EnuHoe Beenenckoe Bpemsi. [loatomy y Beenennon
He MoxeT ObITh Egunoro Bpemenu, HadanbHOW TOYKM (MOMEHTa) ero orcuéra. Y

Bcenennon Het BpemenHoro Havana.

Bepuémca k ompeneneHuio: JBMXKEHHE — HW3MEHEHHME TIOJOXKEHUS YaCTHUIIbI
OTHOCUTENBHO JPYrod YacTHIl C TeUYeHHEeM BpeMeHH. M3MeHeHue oTpe3ka MExIy
YacTHIIAMHU C TEYEHHEM BpeMeHU. UTo 3/ech MEepBUYHO (MPUYUHA), U YTO BTOPUYHO
(cnenctue)? Otpe3ok (dL) m3mensieTcs u3-3a w3menenus: Bpemenu (dT) wiu Bpems
U3MEHSIETCS] M3-3a U3MEHEHHs oTpe3ka? DopManbHO HET MPEANOYTCHHUS OJHOW M3 3TUX
AByX Kateropuii. [1oaToMy Mexay HUMH MOXHO MOCTaBHTh 3HaK paBeHctBa: dT = dL,
HO, BBHUJY PAa3JIMYHBIX Pa3MEPHOCTEH KaTeropuil (BEJIMYUH), 3aIlUIIEM C Pa3MEPHBIM
koapurmenTom nponopruonaisbHoct: dT = kdL Pasmepnocts K — [cex/m]. Dto
HEMPUBBIYHAS PA3MEPHOCTH, XOTS Ha MPAKTUKE YaCTO 3a/1al0T U3MEHEHUE PACCTOSHUS U
U3MEPSAIOT BpeMsi, T.e. BIOJHE (U3NYECKH OOOCHOBaHHAS Pa3MEPHOCTh HEKOeU
¢usndeckoii BenmuurHbl K. [IpuBbIYHEEe 0oOpaTHasl pa3MEpHOCTH [M/CEK], BhIpakaromias
¢usndeckyro BenmuuuHy — ckopocTh (V). OueBnmHo, K = 1/v. Bo3Bpamasce k cirydaro
JIBYX HEHTPOHOB, MOSBUBIINXCS (BO3HUKIINX) HA KOHIIAX HEKOTOPOTO OTpE3Ka, Topa3o

OOJIBIIIETO paanyca I[GﬁCTBPIH CHJIBHOI'O BSaHMOﬂCﬁCTBHﬂ, MOXXHO CYHMTaThb, 4YTO B

131



TeyeHne ~16 MUHYT, OTCUATHIBAEMBIX BHEIIIHUMU YaCaAMHU, OHU HAXOAATCSA B IIOKOE JIPYT
OTHOCUTENBHO Apyra, T.e. 0e3 ABmxkeHus. Hetr ABmkeHUs — HU K yemy Bpemsi. BHeniHue
4achbl, KOHEYHO «THKAIOT», OTCUUTBIBAsI CEKYHIBI 10 ~16MuHyT. HO B TeueHnne stux ~16
MHHYT OTPE30K MEXIY ABYMS HEUTpOHAMH He u3MeHsercs. [Io ncreuenuun ~16MuHyT 110
BHEIIIHMM 4YacaM, IPOUCXOAUT BO3ZHUKHOBEHUE JBYX NPOTOHOB U3 JIByX HEWTPOHOB, U
HayajaoCh YBEJIMYEHUE OTPE3KAa MOJ JEUCTBHEM DJIEKTPUYECKOTO OTTAJIKHMBAHUS JIBYX
AJIEMEHTAPHBIX MOJIOKUTEIBHBIX JIEKTpUUECKUX 3apsaoB. Hauanoces nBmxenue. Hauano
JIBUKEHUS U €r0 TeueHue (PUKCUPYETCS JIOKAJTIbHBIMU M BHEIIHUMH yacaMu. [IpoToHbl —
CTaOWJIbHBIE YACTHIIBI, U OTPE30K MEXKIYy HHUMH OYJEeT yBEJIMYMBATHCS OECKOHEYHO, U
TOI/1a, KOTJAAa CHJIOBOE JJIEKTPUYECKOE MOoJie OyAeT NpeHEOPEKUMO Majo, U MEPECTaHET
COO0IIaTh YCKOPEHHE, BUXKEHUE MPOJOJDKUTCS MO0 MHEPIUHU C MOCTOSHHOM CKOPOCTHIO.
CooTBeTCTBEHHO M BpeMsi OyAeT «Teuyb» Be4YHO. Tak, KakoBa >K€ TNPUYMHHO-
CJ€ICTBEHHAs CBs3b? J[BHyKeHME 3a0a€T BpeMsl WM BpeMs 3anaét npmxenue? Ilo Bcemy
BBIIICH3JIOKEHHOMY IPEANOYTUTENIBHEE IIEPBbIl BApHAHT, T.€. JBH)KEHUE SBISETCS
npUYMHOM BpeMeHH. He BpeMmst 3a1a€r (MopokaaeT) ABUKEHUE, a ABUKCHUE «3aIlyCKAET
qacel» W BKJIKOYAaeT BpeMms. J[BH)KeHHE — U3MEHEHHE OTpe3Ka MEeXAYy JBYMs

AUCKPCTHBIMU 3JICMCHTAPHBIMHA YaCTHILAMH, COITPOBOKIAACMOC N3MCHCHUCM BPpCMCHMU.

[IycTh U3MEHEHUs MPOUCXOIAT MEXKIY CTAOMIHHBIMU HEACIUMBIMHU OECCTPYKTYPHBIMHU
aNeKTpoHaMu. Bompoc: QUCKpEeTHO I ABWXKEHHE 3iiekTpoHa? JlomycTuM, IBHKEHUE
AIEKTPOHA AUCKPETHO. JIMCKPETHOCTh MEPEMEUICHUS O3HAYAeT CKA4OK JJIEKTPOHA U3
onHoro nonoxenus (1) B npyroe nonoxenue (2), nyctb cmexHoe. Kpome Toro, takoit
KBAaHTOBBIM IMEPECKOK MPEANOJaraeT pa3MEpHYI0 TOXKIAECTBEHHOCTh MOJOXKEeHUU 2 u 1.
OTH TIOJIOKEHUST MOTYT BMEIATh B ce€0s, IPUHSITH B CeOsI, OTIMYCTUTh OT ce€0s ANEKTPOH
TOJIBKO LIEJIBIM U HU B KOEM CJIydae HE€ MO YacTsaM, [0 TOM MPOCTOW MPUYUHE, YTO
ANIEKTPOH SJEMEHTapeH M HE HMEET 4YacTed. DIJIEKTPOH HMMEET KOHEYHBIE pa3Mephl,
nopaaka 10° m. ®opma snexTpona Heompemenénna. I1o3ToMy MOXKHO 3a1aTh €My

moOyro ycnoBHyo ¢opmy. Ilycts 310 Oymer ky6 co croponoii L = 107° m. Ky6
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AJIEKTPOHA IEJIUMKOM JOJDKEH MCYE3HYTh W3 TMOJOXKEHUA | M LIEIMKOM BO3HUKHYThH B
CMEXHOM TmoJoxeHun 2. Ilpoucxoauth 3TO HOKHO MrHOBEHHO. I[loTromMy 4rtO B
MIPOTUBHOM ClIy4yae, B CIydae MpoILEecca MOCTENEHHOTO NEPEMENIEHNUS, IJIEKTPOH JOJDKEH
ObUT OBl MO YacTSAM 3aHATh MPOCTPAHCTBO TMoyiokeHus 2. Ho anexTpoH He aenum
(anemenTapeH). [loaToMy mepemMecTUTbCsl U3 TMOJOKEHUs 1 B MOJOXKEHHE 2 3JIEKTPOH
MOKET TOJIbKO IE€IMKOM. B TakoM ciyuyae, B Cilyyae MTHOBEHHBIX HCUE3HOBEHUS U
BO3HMKHOBEHUSI (AUCKPETHBIX WJIM KBAaHTOBBIX TIIEPECKOKOB), HE HMMEET 3HAYCHUS
CMEXXHOE JIM TIOJIOKCHHE 2 10 OTHONIICHMIO K TIOJIOKEHWIO 1, WJIM OTCTOMT Ha
OECKOHEUHOM PacCTOSIHUM OT Hero. [loTroMy 4To MOXeT ObITh OECKOHEYHOE MHOKECTBO
MEPECKOKOB MO LEMOYKE, KaXJbId U3 KOTOPBIX MTHOBEHEH, T.. JAiuTcsi 0 BpemeHH, a
OeckoHeuHass CyMMa HyJed TOXe HOJb. OJTO O3HadyaeT OECKOHEYHYIO CKOPOCTh
MEPEMENIEHHUSI, YTO COTJIACYETCS C MTHOBEHHOCTBIO, T.€. PAaBEHCTBOM HYJIIO BPEMEHHOTO
uHTepBaja nepeMenieHus. Ho 31o abcypaHO HE TOJBKO Jig TMEpEeMENIeHUs, HO U JIs
MTHOBEHHOM mepenaun curHaia (BzaumopeicTsus) — HpioToHOBa manpHOnmecTBUsa. Ha
CErOAHAIIHUN J€Hb HE U3BECTHHl HHUKAKUE TMOJTBEPXKAEHHBIC MEPEMEIICHUS WIN

IMCPCHOCHI B3&PIMOII€IZCTBPII>1, IMPCBLIIIAIOIINE CKOPOCTL CBCTA B BAKYYMC.

Takum oOpa3oMm, IBIKEHHE JJIEMEHTAPHON YACTUIBI HE MOXET OBITh JHCKPETHBIM.
CrnenoBaTenbHO, HUKAKOE JBWKEHHE HE MOXET OBITh NUCKpeTHhIM. B 4éMm mpuumHa
HEBO3MOKHOCTH JUCKPETHOrO ABWKEHMsI? B HeNmpepbIBHOCTH MPOCTPAHCTBA, TPEXMEPHO
00BEMHOTO  MPOCTPAHCTBA, IMPOCTPAHCTBA-CPEIbI, SP-TMPOCTPAHCTBA,  SP-CPEIbI,
a0COIOTHOM CpenbI-TipaMaTepru, MPOTOMAaTeprH, aOCOIOTHON MaTepuu. Best n3BecTHas
MaTepus: SJEMEHTAPHbIE YACTUIIbL, fJpa aTOMOB, aTOMBbI, MOJIEKYJbl, HaHOYACTHULIbI,
MHKPOYACTHUIIbI, MAKPOYACTHIIbI, TeJla, HEOECHbIE Tella — OTHOCUTEIbHAs JUCKPETHas
MaTepHsi, COCTOsIIIasi U3 abCONMIOTHOW HEMPEPHIBHONW MaTepuu. AOCOIIOTHYIO MaTepHIO
MOXXHO «JCIHUTH» Ha DJIEMEHThI 00BEMA, CKOJb YroAHO OONBIIME W MAJIbIe JIHIIb
YCJIOBHO, B YM€, B CO3HaHHM, HO HE pealbHO, MO0 a0COII0THAs MaTepusi Hepa3phIBHA.

Pa3ppiBHa TOJIBKO OTHOCHTENIbHASA JHWCKPETHAs MaTtepus. BpemMs ecTb OTpaxeHue
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(mokazaHue) IBM)KEHUW, U3MEHEHHMI HEeNpepbIBHOM aOCOMIOTHOM Marepuu. [[BukeHue
(cABUTOBO-3aMKHYTHIE JieopMaliuu) abCOJIOTHON MaTepuu B MPOCTpaHCTBE (SP-cpeae)
U BHYTPUM OTHOCHUTEIIbHOM MaTepuu aOCOIIOTHO € aOCOIIOTHOM CKOPOCTBIO CBETa B
BakyyMme. [lockonbKy JBUYKEHHE HENPEPBIBHO, MOCTOJIbKY M Bpemsi HempepbiBHO. Her
eauHoro Bcenenckoro BpeMeHn W HET HM Hayajla, HM KOHIIA 3TOTO BPEMEHHU.
JIMCKpEeTHBIN, KBAaHTOBBIM MEPECKOK MaTEPHUANbHBIX YAacCTUI[ — 3TO KOIJa M YaCTHUIIbI
JTUCKPETHBI (KBAHTOBAHBI), U MOJOXKEHUSI KBAHTOBAHBI B TOYHOCTHU IO pa3Mepam YacTHII.
Jlisi 6eCKOHEYHOro MHOXKECTBAa COTEH Pa3HOBUIHOCTEH 3leMEHTapHbIX (KBAaHTOBBIX)
yacTull BO BcelleHHON MAOMKHBI OBITH MPESYCMOTPEHBI (3apaHee MOJATOTOBJIEHBI)
OECKOHEYHOE YHMCIIO KBAHTOBAHHBIX MOJOKEHHM, a ¢ yUETOM MPAKTUUECKU OECKOHEUHOTO
MHOKECTBA DJIEMEHTApHBIX YacTHI] — OECKOHEYHOE MHOKECTBO KBAHTOBAHHBIX
NOJIOXKEHU  pa3HbIX BUJAOB. OJTo abcypano. IlpoctpanctBo, cBOOOAHOE OT
AJIEMEHTAPHBIX 4YacTUI, HE MOXeT ObITh 3apaHee (uem? Kem?) KBaHTOBaHO,
nuckpetusupoBaHo. [IpoctpancTtBo — Sp-cpema.  SP-MPOCTPaHCTBO HE JUCKPETHO, HE
KBaHTOBaHO. OHO HENpepbIBHO. 3HAYUT OHO — OJHO LEJI0E BO BCEU CBOEH
OECKOHEYHOCTH. DTO €IMHOE IIeJI0e HENpPephIBHOE OECKOHEYHOE IMPOCTPAHCTBO-Cpea
NPOSIBIISIETCA B BUJIE OECKOHEYHOTO MPOCTPAHCTBA — TPEXMEPHO O0BEMHON OECKOHEUHOM
npoTsk€HHOoCcTH. Ha si3pike Marematuku 310 1 — egununa. beckoneuyHas Oosblmas
equnauna?! KpaiiHocTb. ECTh M NMPOTUBOIONOXKHAS KpalHOCTh — OECKOHEUHO Majas
equauia. A6cypano. Ho Bceenennas peanbha. 3Hauut, abcypaHo umcio. Be€ mu ecth

ypciia 1 otHomeHus1? Her, He Bcé!

MaremaTu4ecKkd oOmnucaTh, HUCUUCIATH AUCKPETHBIMU MO CBOEW mnpupoae (1o CyTHu)
YUCJIAMU KOPPEKTHO MOKHO TOJBKO JHUCKPETHYK) MAaTE€pUI0, HO HE HENPEPBIBHYIO
cyoctannmio — TtpéxmepHslii OBBEM. HenpeprniBHas cyOcTaHIMS HE HCUMCIMMA.

Tpéxmepusiit OB bEM ecTh BomomeHue, CyTh HEMPEPLIBHOH CYOCTAHIHHL.
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IIpupona rpaBUTANMOHHOIO U JIEKTPUYECKOT0 IOJIei

Paccmorpum  Hambosiee  uM3ydeHHbIE  (PU3MUECKUE TIOJS: TPaBUTALMOHHOE U
aNeKTpuueckoe. ['paBUTAllMOHHOE TIOJI€ XapaKTepU3yeTcs HaNpsKEHHOCTBIO TOJBKO
npuTsHKeHUsT (YCIIOBHO 3HAK +), a DIJEKTPUUECKOE TI0JIe — HaNpsKEHHOCTBIO W
nputsokeHust  (+), u  orraikuBaHus (—). CuHIbl TOPUTSKEHUS UM OTTAIKWBAHUS
pacCUUTBHIBAIOTCS ~ COOTBETCTByIomuMH  (popmynamu  Hetotona u  Kynona.
Hanpsbxk€HHOCTH K€ pacCUMTHIBAIOTCA JCJICHHUEM CHJI Ha COOTBETCTBYIOIIME TMPOOHBIC
3apsbl (KOJUYECTBO BEIIECTBA — MACCy M KOJIMYECTBO DJIEKTPUUYECTBA).

3akonbl HetoToHa u KysioHa MOHSITHBI KOJMYECTBEHHO, HO HE PACKPBITHI KaU€CTBEHHO, a
UMEHHO, JI0O CHX TIOp HEW3BECTHBl TMPHUYMHBI: TATOTCHUS MAacC, NPUTSHKCHUS U
OTTAJIKUBAHUS DJIEKTPUUYECKUX 3aps/ioB. MeToI0M CpaBHEHUS IOIBITAEMCSI TPOSICHUTD
IPUPOTY IPAaBUTAIMOHHOTO  TATOTEHHS,  JJCKTPUUYECKOTO  TPUTSKEHUS U

QJICKTPUYICCKOI'O OTTAJIKHBAHUA.

Hanpssxk€HHOCTH CTSIZKEHHsI B aMOP(HOM TBEPAOM TeJie

Bo3pméM map w3 muaBieHoro kpapia auamerpoM 100 M, paspexeM IMornojaM Ha
0o0OpyZOBaHMM TIO PACTMIIMBAHMIO KPEMHHEBBIX IIJJaCTUH. B 1meHTpax cpe3oB
BeIIITU(YyeM siMKH Tolycdepudeckoir ¢opmbl paguycoM 5 mMm. OT smok-monycdep
BHIIUTH(YEM Ha Kpasi TOMYIIIMHIPUYECKUE KaHaBKU pagunycoMm 3 mMm. Bee moBepxHOCTH
cpe3a, moNycEeprUUecKUX SMOK W  TONYIWIMHIPUYECKUX KaHAaBOK OOMakeM
KOHIIEHTPUPOBAHHBIM PACTBOPOM OOPHON KUCHOTHI. M3roToBMM mrapuk aumameTpom 9,8
MM W3 HHUKEIS W MOMECTHM B SIMKY OJHOTO W3 MOJYyIIapWid IUIABICHOTO KBapIia.
CoenuauM monymiapusi, BOJOPOIHON TOPENKONM B HECKOJIBKUX MECTaX COWICHCHHS
MOJIYIIApUHA TPHUXBATHM JUIsl (UKCAIMA BCEW KOHCTPYKIHMH. B IHMIMHAPUYIECKYIO

KaHaBKY BCTaBUM KBaplIeBYIO TPYOKY HaApy>KHOTO AxamMeTpa 3 MM JO0 CaMOT0 HUKEJIEBOTO
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mapuka M TPUXBATUM €ro BOJOPOJHOM TOPEIKON IO MEePUMETPY COUWICHEHUs C
MOJNyIAPUsIMHU. YCTAaHOBUM BCIO KOHCTPYKIMIO B (OpMYy M3 JIBYX KEpaMUYECKHUX
MONYUWIMHAPOB C BHYTpeHHEU (HOpMoOii, MOBTOPsIONIEH ¢ HEOOIBITUM 3a30poM (popmy
KBapIIEBOIO IIapa C KBapIIEBOM TPYyOKOM, BHICTYMAIOIIEH BBICOKO HaJl KEPAMHUYECKUMHU
nonyuuinHapamu. [IpuxBaTuM KepaMUyecKue MOMYHWIMHAPHI BEICOKOTEMIIEPATYPHBIM
nemeHToM. [loMecTM BCIO COOPKY B BEPTHKaJIbHYIO I€4b, CIOCOOHYIO HarpeBath 10
1500 rpagycoB Llenbcusi. Brmtouum neus, goBeném 10 1500 rpaaycoB, BbIIEPKHM,
YTOOBI KBApIIEBbIC MOJYIIAPHS HAIPOUb (TEPMETUYHO) CKICUIIUCh OOPHBIM aHTUIIPUIIOM
OT OOpHOW KHCIIOTBI, @ HUKEJEBBIN IMIAPUK paCIUIaBWIICS. PacriaBieHHbI HUKETb HE
3aHMMAaeT MOJIHOCThIO BCIO IIAPOBYIO MYCTOTY B KBapueBod ammyne. [loatomy uepes
BBICTYMAIONIYIO KBapIIEBYIO TPYOOUKY BHECEM JIOTIOTHUTEIHHO HHUKEJIEBBIM MOPOIIIOK,
TaK 4TOOBI BECh PACIUIABICHHBIN HUKENb CJIeTKa MPEBBICKUI O0BEM IIAPOBOM MOJIOCTH,
3aHSB M KBapleByrw Tpyoouky Ha 0,5-1 MM BbeicOTHI. BcTaBuM B KBapIieByro TpyOOUKY
KBapLEBbI CTEPKEHb [0 YINOpa C HHUKEJIEBBIM pacIiylaBOM, CBapuM BOJOPOIHOMN
TOPEJIKON TPYOKY CO CTEpKHEM W OTHasieM. 3aMeTUM, YTO OOpHBIN aHTHAPU SBISETCA
b dexTUBHBIM KileeM Uil KBapua W Hukens. [IpeaBapurenbHble UCHBITAaHUS MOKA3aj,
YTO CKJIEEHHbIE OOPHBIM AHTHUIPHUIOM KBapIEBBIE JE€TaIU MEXAYy COOOM M C HUKeIeM
00J1a1al0T O4YeHb OOJIBIION MPOYHOCTHIO, HACTOJIBKO OONBIIONW, YTO MPH HCIBITAHUSIX
pPaCTSKEHHEM pa3pblB IPOUCXOAWI B Telax KBapla W HUKENId, a HE IO MECTy
CKJICUBAaHUSI.

BpIkrounM nieyp, OXJIaJUM 10 KOMHATHOW TEMIEPATyphl U U3BJICYEM KBAPLEBBIM 1Iap C
TpyOoukoii u crepkHeM. OrtmasgeM TpyOOUKy CO CTEpKHEM, TaK 4YTOOBI OCTajlach
apoBasi MIOBEPXHOCTh KBapliia ¢ MIapUKOM HUKEIS B IEHTPE.

TemmnepatypHsbiil ko3 puuuent pacmupenus ksapua 0,77 x 10° K | a auxens — 13 x 10°
® K. OueBuaHO, U OXJIAKIEHUN HUKENb MOT OBl CKAThCS [0 OTHOLIEHUIO K KBapIly B
16,88 pa3 6onpiie. Ho nmpakTuiecku HE pacTATMBAIOUIMIACS KBapI] HE MO3BOJISIET HUKEIIIO
CKaThCsl, TaK KaK OH CXXuUMajcs Obl B cBOOOJHOM cocTOSHHH. KBapIy mpakTHYeCKu HE

nedopmupyercs. 3HauuT, B Telle KBaplla OrPOMHBIC HampsbKeHUs  (ganee,
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HaNpsDKEHHOCTH) CTSDKEHHSI K LIEHTPY cdepbl cKienBaHMs ¢ HukeneM. IloHATHO, yTo
MaKCUMaJIbHbIE HANpsHKEHHOCTH y TPAHULBl CKICHBAHMUS HUKENId M KBapla, a K
nepupepun oT 3TOM I'paHMIbl HANPSXKEHHOCTU ocnalmustorcd. Hukenp e miacTudeH u
HaMpsHDKEHHOCTU pacTsDKEHHs (MPAKTHUECKH HE MOJAIOUIUMMCS PACTSDKEHHUIO KBapleM)
OJIMHAKOBBI BO BCEM €TI0 TeJIC.

O603HauMM HaNpsHKEHHOCTh CTSOXKEHMSI KBaplia y TpaHULbl CKJICUBAaHUS C HUKEIEM
OykBoi T. OueBMAHO, BEIMUYMHA | B OJAHOPOJAHOM HM3OTPOIHOM IIJIABJIEGHOM KBapIle
OyZeT 3aKOHOMEPHO MOHMXATHCS K eprupepuu OT IPaHULIBI pa3zena.

PaccmoTpuM B Tenie kBapua cepbl, KOHIEHTPUUYHBIE K chepuyecKoil rpaHuile CKICHKU
HUKEJS ¢ KBapiieM. BBuay 1mapoBoil CHMMETpUN Mbl MOKEM paccMaTpHUBaTh U3MEHEHUE
T ¢ paccrosinuem (R) ot nentpa HukeneBoro mapuka. O003HaYUM pajnyC HUKEJIEBOIO

mapuka Rni. Chepbl xapakTepu3yroTcsi IOBEPXHOCTBIO S

S=4nR?, (48)

,HJUI IMOBCPXHOCTH Pa3JACiIa HUKCJICBOI'O IIApUKa U IIJIABJICHOI'O KBaplid, OUCBUIHO:

SNi =4n RNi2 , (49)

Hanpspxéaaocts T B mo60it Touke chepol paauyca R, 6onbiiero Ryi, oueBumaHO, 00paTHO

IPOIIOPIIMOHATbHA S:

T=Q/S=K/4nR?, (50)

I'ne Q — Hekuit KOAhPUIMEHT MPOTOPITMOHATHHOCTH.

[To Takoil 3aKOHOMEPHOCTH YMEHBINACTCS HAMPSKEHHOCTh C OTIAAJICHHEM OT IICHTpa
HUKEJIEBOTO IIapHKa.

Yro coboii mpeactaBisier coboit koaddunment npomopimonanbHoctn K?  Ecmm co

chepnl paguyca RNi HCXOOUT CTSHKEHHE HM30TPOIHOM KBapILIEBOW CPEIbl, TO MOXKHO
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rOBOpUTh, YTO Ha JTOM cdepe HuUMeeTcsl HEKUWU 3apsii CTATUBAHUSA, PaBHOMEPHO
pacrpeieI€HHbIN Ha MOBEPXHOCTU 3TOM cdepbl. OO03HAUMM ITOT HEKHH 3apsij OyKBOH
Z, Torjaa:

Q= LZ, (51)

rae L — HOBBINM KO3 PUIIMEHT IPONOPLHOHATEHOCTH.

C yu€rom (51) ocHoBHOEe cooTHomeHue (50) nepenuiiercs: B BUjE:

T =L (Z /4n R?), (52)

Ouesunno, Z /4n R? — noBepxHOCTHasi IJIOTHOCTh 3apana cTaruBanus Z Ha cdepe
paauyca R.

L BeimonHAeT (YHKIMIO pa3MEPHOTO COTJIACOBAHUS MEXKAY HANPSKEHHOCTHIO H
MOBEPXHOCTHOM TJIOTHOCTBIO 3apsiia cTAruBaHus. O4eBUIHO, GU3NUECKUN CMBICI €ro B
paccMaTpUBaeMOM CIIydae CBA3aH C YIPYroCcThiO (KECTKOCTHIO) Cpelbl U3 TUIABJICHOTO
KBapIa.

[Tepeiiném k apyroit cpene, k TpEXMEpHOMY IIPOCTPAHCTRY - SP-cpene (Cmdiicee).

Hanpss>k€HHOCTH TPABUTALMOHHOIO CTSHKEHUS

B0 BcesleHCKOM npocTpaHCcTBe

Bcenenckoe mpoctpancTBo Oe3maccoBo. D10 — Oe3maccoBas cpena. [Ipeamonoxxum, B
9TOM OE3MacCOBOM Cpejie B HEKOTOPOW 00JIaCTH MMEETCS HEHTpOHHAs 3Be3/la MAaCcCOM,
paBHO#1 Macce 3emin. OObeMHas IIOTHOCTh HEHTpoHHOM 3Be3abl ~ 1,5 101 kr/M3. C

yuétom Macchel 3emiu (~ 6x10%* kr) paamyc HeHTpoHHOH 3Be3gsl Ry = ~ 115 m. Ilo
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cpaBHeHHIO ¢ 3emiéil {R3) = 6371000 M} Takyro HEWTPOHHYIO 3BE€31y MOXKHO CUUTATh
TOYEYHOM.
B cooTHomennu (52) Asig JaHHOTO cilydas poJib 3apsifa CTAruBaHus Z OyAeT urpath

Macca M HEUTPOHHOM 3BE3/1bl, paBHAs Macce 3eMIIU

T =L (Z/4nR?) = L (M /4= R?), (53)

PaccMOTpUM KOHUEHTPUUECKYIO K HEUTpOHHOU 3Be3zne cdepy paauyca 3emin R

Hanpsixk€HHOCTD B KaXk /101 TOUKe 3TOM cdephl, B COOTBETCTBUU C (93), OyAeT:

TR(3) =L [M /47 R(g)z], (54)

HepeHI/IIIICM 9TO COOTHOIICHHME B SKBUBAJICHTHOM (l)opMe:

TR(3) = (L/4TE) [M / R(g)z], (55)

B oOmem cnyuyae cunmoBasi Hamps>KEHHOCTh, CO37aBaeMasl HEKUM 3apsoM paBHA
otHomeHnto cuibl (F) B3aumopeicTBHS MeEXTy 3apsaoM W TPOOHBIM 3apsjaoM K
npoOHOMY 3apsmy. 3apsiioM B HaieM ciaydae Oyaer M HeHUTpOHHOM 3Be3/bl C MacCou,
paBHOI1 Macce 3emid, a B Ka4ecTBE MPOOHOTO 3apsia BO3bMEM MPOU3BOJIBHYIO Maccy M,
Ha TIOPSIKA MEHBIIYIO MO cpaBHeHHIO ¢ M, Tak 4ToOBl €€ MOXHO OBUIO CUUTAThH

TOYEYHOM I10 CPABHEHUIO C HEUTPOHHOM 3BE310M.

T R(3) = F/m, (56)

B ciygae cdeprr paanyca 3emiu cuna F Oyer BeipakaThest BecoMm P Tena maccor m.

TR(3) = P/m, (57)
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[lockonbky P =g m, To:

Tr3) =0, (58)

Torna: F=P=gm=Tgaz m, (59)
O6wequusas (55) u (59), monyyaem:

F = (L/4r) [M / R3] m, (60)

Cootnomenue (60) coBrnagaer ¢ 3akoHOM BceMUpHOTo TArOTEHHUs, IPU YCIIOBUU:

Lidn = G, (61)

rae G — rpaBUTallMOHHAs TOCTOSIHHASL.

Koaddumuenty L B paccMOTpeHHOM BhINIE cily4ae IUIABICHOrO KBapla MpuaBajics
(U3NUECKUI CMBICH, CBSI3aHHBIA C €ro ympyroctbio (KECTKOCTBIO). YpaBHenue (60)
yKa3plBa€T Ha TO, 4YTO B cliydae BCEeleHCKOro MpOCTpPaHCTBA TpaBUTALHMOHHAS
MOCTOSIHHAsI CBSI3aHA C «YIPYTOCThIO (KECTKOCTBHIO) MPOCTPAHCTBa». Macca sBIseTcs
3apsiIOM  TPABUTALMOHHOW HANPSDKEHHOCTUM  yOPYrOro  CTSDKEHUST MPOCTPAHCTBA.
ITocKONbKY MPOCTPAHCTBO HE OKA3bIBAET CONPOTHUBIICHUS JABMKEHUIO 3JIEMEHTAPHBIX
YaCTHII, BCJIEJ aTOMOB, TEJ, HEOSCHBIX TEJ, TO JBa HEOECHBIX Tela, KaKI0€, CTATHBAs
MIPOCTPAHCTBO, MPUTATUBAET JPYyroe B COOTBETCTBUU C 3akoHOM BcemupHoro

TATOTCHUS.
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Bo3nnkHOBeHHE rPAaBUTALIMOHHBIX 3apsia (Macchl) U MOJIA

I1o coBpeMEHHBIM IIPEICTABICHUSM:

1. Ilo obuieit Teopun otHocuTenbHOCTH (OTO) Macca — mposiBIEHHE HCKPUBICHUS
YeThIPEXMEPHOTO MTPOCTPAHCTBA-BPEMEHHU.

2. Ilo crannaptHoii mMonenu (CM) aieMEeHTApHBIX YacTUIl CUYUTAETCS, YTO MPUUMHOU
BO3HUMKHOBEHHUS MaccChl siBiseTcsa moisie Xurrca Bo Bceeit Becenennoi. KBantamu 3Toro
noJisi ABJSA0TCS 0030HBI Xurrca. Cuuraercs, YTo GEPMHUOHBI B ATOM I0JIe TPUOOPETAIOT
Maccy.

O6a mnpeAcTaBieHHUs] HCXOAST W3 MAaTEMAaTHUYECKUX IOCTPOCHHM, HE MOJJarouiuecs
SCHOMY TIOHUMAaHUIO (U3MYECKOW CYIIHOCTH BO3HUKHOBEHHMs Macchl. [loaTomy,
MOMBITAEMCSI OCO3HATH (OLIYTHUTH) SIBJIEHUE TPABUTALMU, UCXO/s W3 TMpPEACTaBICHUN 00
a0COIOTHOM TPEXMEPHOM MPOCTPAHCTBE U A0COITIOTHOM BPEMEHHU.

Pacmupenne CucteMbl XUMHUYECKUX 3J1eMEHTOB 10 CHCTEMBI €CTECTBEHHBIX AJIIEMEHTOB
Bcenennoil mpuBeno K BBIABICHUIO MaTeMaTHueckoi popMyibl CHUCTEMBI €CTECTBEHHBIX
aneMeHTOB BceneHHo#, MoJHOCThI0 BKiItovarmedn CHUcTeEMy XUMHYECKHX 3JIEMEHTOB.
[lepBeiit snement B CucreMe ecTeCTBEHHBIX aneMeHToB SP — Cmoiices (ot Space —
KOCMHYECKOE TIPOCTPAHCTBO).

Bcenennas cymectByer BeyHO. ['OBOpST, 3TO HE HM3BECTHO, HO MPOTHUBOIOJIOKHOE
yTBEp)KJEHUE HE J0Ka3yeMo. BeuyHO — 3HAYUT B HEOTPAHUYCHHOCTH aOCOIIOTHOTO
BpemMeHu.  HeorpanmdyenHoe  aOCONIOTHOE  MPOCTPAHCTBO  HEMBICIUMO  0e€3
HEOTPAHUYCHHOTO aOCOIFOTHOTO BPEMEHH, MTOCKOJIBKY, €cJii Obl BpeMeHH He Oblio (time
= 0), To He cymecTBoBajo Obl U MpocTpaHcTBa. [l03TOMYy aGCOMOTHOE MPOCTPAHCTBO U
a0COIOTHOE BpEMsI MOTYT CYIIECTBOBATh TOJBKO CJIHUTHO, B «IIPOCTPAHCTBOBPEMEHI.
WMHpIMH CTOBaMH MMEET CMBICI TOJBKO CIUTHOE Spacetime, xoporko Spti, B pycckom
MPOU3HOIICHUH DCIUTAH.

bynem cuntath Ocnutail HenmoABMXHBIM. IlycTh B OcnwuTaile cieBa HampaBo CO
CKOPOCTBIO CBETa B BAKyyMe JABHKETCS TaMMa-(OTOH C SKBUBAJICHTHOW Macce dJIEKTPOHA

sHeprueil. 'aMma-GpOTOH — yacTUlla, U Kak 4acTUla JobkHAa uMeTh Gopmy. Ilycts sta
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dopma OyAeT UMIMHIPOM, OCh KOTOPOTO COBMEIIEHA C HAMpaBICHUEM JBUKCHHS.
'amMa-poToH 0€30 BCAKOTO COMNPOTUBJICHUS CO CTOPOHBI OCHHUTAMs JBHKETCS
paBHOMEpPHO M mpsMmoiuHeiHo. Ecim Ha myTm ramma-goroHa HE BcTpedaeTcs
MOTJIOTUTEIIS WU OTpaXkaTess (OTKIOHUTENS ), TO €ro MPSIMOTUHEHHOE TBUKCHUE MOYKET
JUTTBCS JIOJTO, OYEHB JI0JIT0, BeuHO. Criepein ¥ ¢33y MWINHApa raMMa-(oToHa HUYETO
HE TIPOMCXOJUT, BCICACTBHE CBOOOJHOTO €ro JBWXKeHUsA. Ho B paguaibHBIX
HAIPABJICHUSX MOXET MPOUCXOIUTH CTsoKeHHe Ocnutaits. [louyemy? IloTok 1munmeapa
ramMmma-GoTOHa MOXHO pPacCMaTpUBaTh KaK CYMMY MHUKPOIIOTOKOB, M pacCMaTpUBATh
IMWIMHJIP TaMMa-(poToOHa KaK CHON TapajljICIbHBIX MHKPOIIOTOKOB. Bceskue MOTOKM B
cpene, B JIaHHOM CjIy4ac MHUKPOTIOTOKH B Cpeae OCIuTaiisi, B3aUMOJICHCTBYIOT IIO
npuHnuny beprymin. [TockoabKy MUKPOTIOTOKH TapajuUIeIbHBI U OJTHOTO HaNpaBJICHUS,
TO OHHM HCHBITBIBAIOT HAIPSIKCHHOCTh CTSKCHHUS K OCH IMiIuHApa. Hanpsok€HHOCTH
pPaMaIbHOTO CTSDKCHUS IWIIMHApPA TamMMma-(OTOHA PACHpPOCTPAHMTCS HA DCHUTANHYIO
cpeny. Ecimu ObI CKOpOCTh pacmpoCTpaHEHUs CTSDKEHHST HAMHOTO TPEBBINIAlia CKOPOCTh
CBETa B BaKyyMme, TO PaJdalbHOE CTSHKCHHE OCHHUTAsS BHE IMUIMHIpa ramma-(hoToHa
OBUTO OBl TaKKe paauaTbHBIM M «KOHIWJIUHApPUYECKHM». [Ipu ycioBHH Ke paBEHCTBA
CKOpPOCTEH pacrpOCTpaHEeHUsI HAMPsHKEHHOCTH CTSHKCHUS U CBETA, YTO BEPOSTHEE BCETO,
(GPOHT pamuaNbHOTO CTSHKEHHUS BHE IMWIMHIpA OYIET paclpOoCTPaHATHCS MO YriioM 45
IpaJyCcoB OTHOCHTEIHHO MOBEPXHOCTH TaMMa-(poToHa. SIBIIEHUE CTSHKEHUS OKpPYKAFOIIeH
CpeIbl CTaTHYECKOE, HO MPH YCIOBHH JIBUKCHHS HCTOYHUKA CTSKCHHS CO CKOPOCTBIO
CBETa B BaKyyMme, B KaKJJOM HOBOM IOJIOKEHHWU ITOTO0 MCTOYHMKA KaK OBl M3ITydaeTcs
CAMITYJIBCY» HANPSHKEHHOCTU CTSOKEHUS, M o0pa3yeTcss Kak Obl KOHYCHBIM CIIOW TOJIs
HAMpsHKEHHOCTH,  PENAKCHPYIONIMHA B MOMEHT JIOCTHKEHHS KOHIIOM IWJIUHApA
«OBIBIIETO» TOJOXKEHUSI Hadalla MUIuHApa. B pesynbrate HampsKEHHOCTHh CTSXKEHUS
Ocnurtaiiss HE SBISETCS CTaTUYECKUM, TOCTOSHHO CYIIECTBYIOIIUM 33 «XBOCTOMY
MUIMHApPA raMMa-(poToHa. DTa HANPsHKEHHOCTh CTATUYHA TOJIBKO B CHCTEME KOOPAMHAT,
CBS3aHHOW C caMuUM ramMMma-(OTOHOM, T.€. B CHUCTEME KOOPJHMHAT, IBHIXKYIICHCS CO

CKOpPOCTBhIO cBeTa B Bakyyme. Ho eciin (OTOH mposieTaeT AOCTATOYHO MNPOTKEHHOE
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I'PaBUTALIMOHHOE T10JI€ MACCUBHOIO T€Ja, TO (DOTOH MOXET OBITh B POJIM MPOOHOM MaccChl,
U TPaBUTALMOHHO B3aWMOJECHCTBOBATH C MACCHUBHBIM TEJIOM. JTO JOJIKHO OTKJIOHATH
NPSIMOJIMHEWHYIO TPaeKTOpHIo (OTOHA B CTOPOHY MACCHBHOrO Tena. B 3ToM mpuuunHa
OTKJIOHEHHUs1 cBeToBOoro jyda BOnu3um ConHua, otkpbiToro emeé no nossienus OTO.
Takum oOpa3zom, (QOTOH HMMEET TIpaBUTALIMOHHBIE 3apsA]l M IOJie, HO HE IIApOBOMU
CUMMETPHUH, & KOHYCHO-CIIOE€BOM.

PaccmoTpuMm Temepb ciydail, Korja UMIUMHAP TramMMa-(oToHa CBOpayuMBaeTci M
JIOKANMU3yeTcsl B TOP-3eKTpoH. [lo M3BECTHBIM: Macce AJIEKTpOHA, CKOPOCTH CBETa U
nocTtostHHOM [11anka MOXKHO paccunTaTh 4acToTy raMMa-kBaHTa. OHa Oyzet paBHa 12,36
x 10 I'u. D10 OueHb M OYeHH GONbBIIAs YAaCTOTa BO3OYKAEHUS MPOCTPAHCTBA BOKPYT
TOpa-3JiekKTpoHa. B cpeanem 310 OyJeT MposBASATHCS (BBIVISIAETH)  KaK MOCTOSHHAs
cTaTHYecKas HaNpsLKEHHOCTh CTSOKEHUS OCMUTais BOKPYTD TOpa-dJeKTpoHa. ITa
cTaTH4YecKasi HanpsHKEHHOCTh CTSHKEHHSI TPOCTpaHCTBa (DcnuTaiis) ecTh HAanpsHKEHHOCTh
IPaBUTAIL[MOHHOTO I0JII MAaCCOBOT'O 3apsjia (Macchl MOKOs1) 3nekTpoHa. Kak u B ciydae ¢
raMMma-(pOTOHOM TpaBUTAI[MOHHBIN 3aps], W TPAaBUTALMOHHOE II0JI€ BOKPYI HETO
BO3HHUKAIOT OJHOBPEMEHHO. DTO Kak OblI 1B€ cTOpoHbI oAHOM Menanu. (Kaxnas cropona

MOSIBJISIETCS] OJTHOBPEMEHHO C JIPYTOi).

Bo3HMKHOBEHHE 3JIEKTPUYECKHUX 3aPSI0B U moJjiei

B XynoxecTBeHHOI THMHACTHUKE €CTh HOMEpA C JJIMHHBIMU JICHTAMU, IPUKPETUICHHBIMU
K majmoukaMm. ['mMHacTka moOpachiBaeT MAJOYKy, JIOBUT U TYT ke BepTuT e€. JleHTa
CBOpauMBaeTCd B MPOCTPAHCTBE B JAMHAMUYECKYIO coupaib. lIpuMepHo Takoe
MPOUCXOMUT TIPH JIOKaJW3aluu ramMmMma-(poToHa, CBOPAYMBAEMOTO B TOP-DJIEKTPOH.
Tonpko BMECTO JICHTBI TYT KOHYCHBIM CIOW-IIICH() MOTOKA HAMPSIKEHHOCTH CTSHKECHHUS
Ocnuraiis. 3aBopaunBaHue ramMMma-(OTOHA B TOP MPOUCXOIUT C YyKacaroiie OOJIbIION

yactoroit 12,36 x 10'° B cexynny. Ilpu 3ToM BHe Topa OYyayT HOBTOPSIOIIMECS C TaKOM
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4acTOTOM CHHpajbHble MOTOKM OT MEPBOHAYAIBHO KOHYCHO-CIOEBOro Iuieipa ramma-
¢otoHa. Ctonb BBICOKAsl YACTOTA JIE€JAET 3TU MOTOKU (PaKTHUUECKH cTanMoHapHbiMH. Ho
ATH CTALIMOHAPHBIE TOTOKU JUHAMUYECKOU (IIOTOKOBOI) MPUPOIBI.

[loTOoKM pa3nu4HBIX Cpell B ATHUX K€ CPENAX B3aUMOJCUCTBYIOT MO NpuHUMIY bepHyinu:
napajieibHble  (MONYTHbIE) NPUTATMBAIOTCSA, AHTUIApAJUIEIbHbIE (BCTPEUYHbIE) —
OTTAJIKUBAIOTCA. DTO MOYKHO IPOCIEAUTh HA IMOTOKaX BOABI B BOJE; ra3oB B rasax.
Oco0eHHO HarIsSIIHO U OUIYTUMO 3TO HAOMIOAaeTcsl B MapajliebHbIX MPOBOJAHUKAX C
NOCTOSIHHBIMHU TNapaJUIeJIbHBIMA U aHTUNAapajule]bHbIMU TOKamu. lIpaBna, 31ecs MoOryT
BO3pa3UTh, YTO AJIEKTPOHBI NOCTOSIHHOTO TOKAa B IMIPOBOJIHMKAX HE JBUKYTCS MOTOKAMU B
Cpele DJJEKTPOHOB. OTO NPH TPAAULMOHHOM TNOHMMAHUU DJIEKTPOHOB, METaJIa,
atMocepbl. C cyOcTaHIMaIbHBIM OcnuTaiieM Bc€ o0O0bBsCHsETCs Mo-uHoMy. Bce
JUCKPETHBIE JJIEMEHTApHBIE YACTHIIBI, BCIEH, ATOMbI, TEJIa COCTOSAT W3 OCIUTAilf,
BO30yxk€HHOTO DcnuTaiis. [loatomy Bo3Oyxkn€HHbie (Gopmbl Dcnurtaiis — 3JIEKTPOHBI
JBIDKYTCS B cpelie U3 DcnuTaiis U Bo30YKIEHHBIX DcnuTaiis (aTOMOB MeTajuia, MOJIEKYJI
BO3/lyxa). B o0miem, >JeKTpUUeCKUi TOK — 3TO MOTOK DcmuTahs B Dcnutaie xe. U
npuHIUN bepHyu 37ech 1eHCTBYET COBEPIIEHHO 00OCHOBAHO U CIIPaBEAIUBO.

Top Moxer mpeoOpa3oBbIBaThCS B Mmoutu mmap. Jias mpoctoTsl OyaeM BMECTO Topa-
AJIEKTPOHA PACCMATPUBATH IIAPUK-IIEKTPOH.

O6o3Haunm panuyc mapuka Ro. IloBepXHOCTH KOHIIEHTpUYECKHX cep BHE IIapuKa-

AIIEKTPOHA XapaKTEPU3YIOTCS TTOBEPXHOCTHIO S:

S=4nR?, (62)

IToTrokoBast HanpsokEHHOCTH E - DcnuTaiis B 1000 Touke chepbl panuyca R, 6obiiero

yem paauyc Ro, oueBuHO, 00paTHO MpONOpIHOHATBHA S:

E=J/S=J)4nR?, (63)
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rae J — Hekuil KoapPpuuueHT NponopUrOHATBHOCTH.

[To Takoil 3aKOHOMEPHOCTH YMEHBIIAETCS MOTOKOBAas HANPSXKEHHOCTh OJCHUTANSA C
OTIAJICHHEM OT LIEHTPA IAapUKA-3JIEKTPOHA.

Uto coboit mpencrabiseT koddunueHT nponopuroHanibHocTd J?  Ecmu co cdepbl
paanyca Ro MCXOAWT MOTOKOBas HANMPSKEHHOCTh DCIUTAMSI, TO MOXKHO TOBOPUTH, YTO B
LIAPUKE-IJIEKTPOHE HMMEETCSI HEKMM 3aps] NOTOKOBOW HANPSHKEHHOCTH OCIHTAMS.

O0603HauMM 3TOT HEKH 3apsj OyKBoW — €, Torja:

J=U(-¢e), (64)

rae U — HOBbIN KO3 DUIIMEHT MPONOPIHOHAIBHOCTH.

C yu€rom (64) ocHOBHOE cooTHOIIeHHE (63) mepenuiieTcs: B BUJE:

E =U (—e/4nR?), (65)

OuesuHoO, — e/4n R? — noBepXHOCTHAs IIOTHOCTH 3apaaa — € Ha cdepe paauyca R.
U BbimonHseT GYHKIUIO Pa3sMEPHOTO COIVIACOBAHUA MEXIY HANpsHKEHHOCTHIO U
MOBEPXHOCTHOM TJIOTHOCTHIO 3apsijia.

[TepemnuiieMm 3T0 COOTHOIIIEHHUE B AKBUBAJIEHTHOH (hopme:

E = (Uldn) [-e/R7, (66)

B oOmeMm ciydae cuioBas MOTOKOBasi HAMPSOKEHHOCTh, CO3/1aBaeMasi HEKUM 3apsijioM
paBHa oTHOIIeHHUIO cuiibl (F) B3aumMomencTBHUsT MEXKIy 3apsSoM W MPOOHBIM 3apsiioM K
mpoOHOMY 3apsiay. 3apsIoM B HaIlleM ciiydae OyaeT — €, a B KauecTBe IMPOOHOTO 3apsia

BO3bMEM 3apsiZi € MPOTOHA.

E = Fle, (67)
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O6bequuss (66) u (67), momydaem:

F = (Ul4r) [- e / R?(e), (68)

170071 F=- (Uldn) [e* ] R?], (69)

CootHorrenue (68) conanaer ¢ 3akoHoM KyiioHa mpu yciaoBuu:

U= k=1/e, (70)

rae g~ 8,85418781762-10712 ®/M — snekrpudecKas IOCTOSHHAS.

[HapuK-37IeKTpOH MPEeCTaBIsSeT 3aBOPOUYEHHBIM ramMma-(GhOTOH B OAHY CTOpoHY. Eciu
JIBa TaKUX IIapUKa-3JI€KTPOHA YCTAHOBUTH HAa PACCTOSIHUU TaK, YTOOBI OCHU BPAILIEHUS UX
OBLIM MapajuieIbHBIMHU, TO TTOTOKM MEXIY HUMHU OKa3bIBAIOTCS aHTUIAPAJUICIBHBIMU U
OHM OTTAJIKMBAIOTCA. TO ke caMoe C IIapUKaMU-TIO3UTPOHAMH, C TOU JIMIIb PAa3HULEH,
YTO OHU 3aBOPOYEHBI B IPOTHBONOJIOKHYIO CTOPOHY IO CPAaBHEHHUIO C ILIAPUKAMMU-
anekTpoHamMu. [loATOMy M TMO3UTPOHBI OTTAIKMBAIOTCS MEXay coboil. Ecnu xe Ha
HEKOTOPOM PACCTOSIHUM YCTAHOBJIEHBI IIAPUK-3JIEKTPOH U IIAPUK-TIO3UTPOH, TO MOTOKU
MEXIy HUMHU OKaXXYyTCs MapaJlIeIbHBIMA U OHH OyJIyT MPUTATUBATHCA. TakuM 00pazoM,

MPUPOJIa FIEKTPUUECKUX MOJIEeH TUHAMUYeCKasl (IOTOKOBast).
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Bo3HuKHOBeHHeE JIEKTPOHA U MO3UTPOHA
PaccMoTpuM 01HY U3 HanOoJee U3YUEHHBIX 3JIEMEHTAPHBIX YACTULl — JIEKTPOH.

[lepBbiii Bompoc: oTKyaa OepyTcs, MOSBISIIOTCS 3JeKTpoHbl? TouyHee, Kak BO3HHUKAIOT

AEeKTpOHBI? IMEHHO BO3HUKAIOT, @ HE BHICBOOOK/IAIOTCS U3 BEILIECTB B TOTOBOM BH/JIE.

Vxe ¢ mepBoil mojoBuHbl XX Beka ObUIM M3BECTHBI JBa €CTECTBEHHBIX IIpoliecca
BO3HUKHOBEHUS AJIEKTPOHOB:

1) OoTa-u3nydeHue npu pajruoakKTUBHOM pacrnajie HEKOTOPHIX BEUIECTB,

2)  TOSIBIEHHME DJIEKTPOH-TIO3UTPOHHBIX Map MPHU CTOJKHOBEHUSX TamMma-(OTOHOB Yy
AJ1ep aTOMOB.

N B TOM, M B JpyroMm ciy4yae CUMTAIOT, YTO DJJIEKTPOHOB HE OBUIO HHU B SApe
PaAMOAaKTUBHOTO 3JIEMEHTa, HU B Tamma-¢GoToHax. ['0BOpAT, YTO Takue HIEKTPOHBI
BO3HUKAIOT, @ HE BBHICBOOOXKIAIOTCS M3 BEIIECTB KAKUM-ITHOO BHEIIHUM BO3JEHCTBHUEM,

Kak npu hoTodPdexTe Uiu U3 AMEKTPOHHBIX MYIIEK B KATOIHBIX JTydax.

Bropoii Bompoc: kak BOZHUKAET AJIEKTPOH, HAIPUMEP, NPU CIIOHTAHHOM pacraje Apyroiu
AIIEMEHTAPHON YaCTHUIbl — HEHUTPOHA, WIK MPU CTOJIKHOBEHHH JIBYX raMMa-(pOTOHOB?

VY CcTaHOBJIEHO, YTO HEUTPOH B CBOOOAHOM COCTOSIHUM MMEET BpEeMs JKU3HH OKOJIO 16
MUHYT, 3aT€M CaMOIIPOM3BOJIbHO pACMaNaeTCsi Ha MPOTOH, JIEKTPOH M 3IIEKTPOHHOE
anTUHEeTpuHO. CuMTaeTCs, YTO DJIEKTPOHA BHYTPH HEHWTpoHa HeT. JlenaTh Kakue-mubo
MPEIIOI0KEHNUST O MPOLECCE BOZHUKHOBEHHUS JJIEKTPOHA B 3TOM pacmaje HET KaKuX-
Tu00 pa3yMHBIX OCHOBAaHUU, KPOME TOTO, YTO BCE JOJKHO MPOUCXOAUTH B CTPOTOM
COOTBETCTBUM C 3aKOHAMU COXPAHEHUS MAaCChl, JHEPIUM, HMIYJIbCa W MOMEHTA
HMITYJIbCA.

BO3HHKHOBEHHE K€ DJIEKTPOH-TIO3UTPOHHOM Iapbl NPU CTOJKHOBEHHHM JIBYX TraMma-
dboToHOB BOMM3M sAmpa aromMa MOAAAETCS HEKOTOPHIM MBICJICHHBIM TMOCTPOCHUSIM.

[IpenBapuTenbHO 3aMETHUM, UYTO SIAPO aTOMA MTPAET POJIh CBOCOOPA3ZHOTO «aKyIIepay s
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OBICTPOTEUYHBIX MPOILIECCOB «POXKACHHS ABYX PA3HOIONBIX OJM3HELOB» — 3JEKTPOHA U
no3utpoHa. Ho B mpenBapuUTENbHOM pPACCMOTPEHMM HYKIAETCS INPOCTPAHCTBO, B
KOTOpOM paboTtaer «akymep». Cuuraercs, 4YTO NOPOCTPAHCTBO — BaKyyM, T. €.

abcouroTHas mycroTa. Tak jau 310?

Emé Apucrorens yTBepkaai, 4TO NPUPOJA HE TEPIUT MyCTOTHL. Uepe3 mouTH 2 ThICSYU
ner Jlekapt yTBepxkpaand, uro Bo BceneHHoi Her Hurae nyctor. OaHaKo 3TH
YTBEPKACHUS BBIIAIOIIUXCS MBICIUTENEH ObUTM MPOUTHOPUPOBAHBI B MOJCNSIX ddupa,
OPUHATBIX B HAYYHOM MHUPOBO33peHMH g0 Haudama XX Beka. Cuurtanoch, 4TO
MeJbYalIue HEBUAUMBIE U HEACIMMBbIC YacTHUIIBI A(Hpa HAXOIATCS B XaO0THUUYECKOM
JIBUKECHUM B TNIYCTOM IIPOCTpaHCTBE BceneHHOW. XOTd 3JIEKTPOMAarHuTHas TEOpHUs
MakcBemsia Oblla TIOCTPOEHA Ha KOHKPETHOM Mojenu »¢upa, OHa MpulUia B
IPOTUBOPEUUE C JPYTUMH TOJABMKHBIMU Ta30MOA00HBIMUA MOACISIMU dPUpHOM cpeanl. B
TEOpHUSAX OTHOCUTEIBHOCTH DMHINTEHHA 3(Pup okaszaicsa He HykeH. [IpocTpaHcTBO 6e3
YaCTUI[ U TEJI CYUTAIOCh C TE€X NOp M CYUTAETCS IMOHBIHE MYCTHIM. JJIEMEHTapHbIE
YaCTHIIbI, aTOMBbI, MOJIEKYJIbI, T€Ja, HEOECHbIE TeJla U UX CHUCTEMBbI ABUXKYTCA B IIyCTOM
npoctpanctBe. I B CranmaptHoit Moaenu DneMeHTapHbIX HacThll BAKyyM CUUTAETCS
IyCTHIM. YTBEPAWJIUCH HA TOM, YTO B HEM NPUCYTCTBYIOT JIUIIb HEKHME BUPTYaJbHbBIC

QJICMCHTAPHBIC YaCTHUIBI C OTPULATCIbHBIMHA SHCPIUAMMU.

Bsrnmsan nwa Oeckonewnoe 3-mepHoe ¢(usmueckoe IIpoctpanctBo Bceenmennoit kak Ha
MyCTOTY OMMOOYEH. DTO CIAEAYET U U3 €CTECTBEHHOHAYYHOT'O PACCMOTPEHHMS KaTerOpUn

ITYCTOTBI. HYCTOTa, oA KOTOpOﬁ IMIOHUMACTCA BAKYYM, €CTb OTCYTCTBHC BCCTO.

Ecnu cuurate ytBepxaenue [lexapra o Tom, 4To BO BcCeneHHON HET mecra mycToTe,
HUCTUHHBIM, TO OeckoHeuHoe TpéxmepHoe [IpocTpancTBo BceneHHOW He ecTh IMycTOe
a0CTpaKTHOE TEOMETPHUYECKOe NPOCTpPaHCTBO EBKIMma, a peasbHOE (HU3UYECKOE

[IpocTpaHCcTBO, peanbHBIM OecKOHEUHBIH (Qusndeckuit 00bEM. W 310 duznyuecku
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peanbHoe IIpocTpaHCcTBO, CBOOOJHOE OT BCEX ANEMEHTAPHBIX YAaCTULl U (DU3UUYECKUX
noJiei, siBnseTcs: cyOcTaHIued, Mo TOW MPUYMHE, YTO OHO cymlecTByeT. M He mpocto
cyOcTaHIuel, a HEKOell MpamaTtepueil, mporoMarepueid. Ota cyOcTaHUUs Hepa3pbIBHA,
CJIE0OBATEIIbHO, HENpepblBHA. B INpOTHBHOM cilyyae, B MeECTax pa3pblBa MOMKET

MOSIBJSATHCS MyCTOTA, YTO UCKIIFOUEHO B CyOCTaHLIMAIBLHON U MaTepuaabHOi BeenenHoi.

Wrak, nMeem cyOcTaHIMIO, MpaMaTepuio — OECKOHEUYHBIM TPEXMEPHBIN Hepa3pbIBHBIM
HENpPEephIBHBIN 0e3MaccoBbI (U3MUECKU 00bEM — KOCMHYECKOE CYOCTaHIMaIbHOE
IIpoctpancTBo. HemnpepbiBHOe cyOcraHuuanbHoe IIpocTpaHcTBO ObIBaeT pas3HOM
pa3peKeHHOCTH JUCKPETHON MaTepuei (3JIeMeHTapHbIMU YacTULIAMH, HIOHAMU, aTOMaMH,
mosekysnamn). Hanboinee pazpesxeHHBIM cunTaeTcs Mexranakruueckoe Ilpocrpanctso, B
KOTOpOM He Oosee 2 aroMoB Ha JuTp 00béMa. Ilycth B Takom IIpocTpaHcTBe ABUKETCS
B HEKOTOPOM HarpaBjeHUHU (OTOH, OYEBUIHO, CO CKOPOCTHIO CBeTa B BakyyMme. [lycTh Ha
€ro IMyTH YCTAHOBJIEH IUIOCKUN aOCONIIOTHBIM OTpa)xaTelb, T. €. TaKOW OTpaKkaTelb,
KOTOPBIN OTpa)kaeT CBET 0e3 MOoTepb SHEPIUuu, UMIYJIbca U MOMEHTa UMIlysbca. POTOH
OTPa3sUTCA M HAIPAaBUTCA B IPOTHUBOIOJIOXKHYIO CTOpOoHY. HopmampHO K 3TOMY
HalpaBJIeHUIO, MIYCTh, UMEETCS JIPYroi IUIOCKUN aOCOMIOTHBIA oTpaxareinb. Ilockoiabky
HET MOTepb HU 3HEPIMM, HU HMILYJIbCa, HU MOMEHTa HUMITyJbca, (OTOH OyJIeT BEYHO
JABUTATBCS [0 HOPMaJld MEXAy NapajuleJbHbIMU a0COJIOTHBIMU OTpa)kaTesiMU.

[Ipousonna ogHOMEpHAst IOKaTu3aus GoToHa.

BmecTto nByx oTpaxartenedl mnpencraBuM 4 IUIOCKMX OTpakaTens KBaApaTHOTO
COCIMHEHUS M, MYCTh, (DOTOH 3amyIIeH MO MPOW3BOJIBHON TPACKTOPWH, JIEkKaIIeH Ha
IJIOCKOCTH KBaJPAaTHOI'O CEYEHHUS IIOCKUX OTPAKATEIEH.

@oTOH OylIeT JOKaIN30BaH B IJIOCKOCTU KBaApaTHOro ceueHus. [Ipousonuia nsymepHas

Jokanu3anus GpoToHa.
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VYcenoxaum skcnepuMeHT. Bo3eMéM cdepy 13 aOCONIOTHO OTpakarollero marepuana, u
«3anycTumM» (GOTOH BOBHYTPH c(ephl B IPOU3BOJIBHOM HampaBieHuH. O4eBUAHO, POTOH
Jokanu3yercst BHYTpu cepsl. [Iponsonuia peanbHas TpéXxMepHas JoKaau3aus (poToHa.
OTO MpPUHYAMTENbHAS C MOMOILBIO OTpaxaTenel jokanuzanus (GoToHa. POTOH MOXKET

noxanm3oBaTbes B [IpocTtpaHcTse.

MoxeT 1u (I)OTOH JJOKAJIN30BaATLCA B HpOCTpaHCTBe HC IIPUHYAUTCIIBHO, A €CTECTBEHHO?

Ilycte nBa ramMmma-oTOHA C SHEpPruei, MPEeBHIAIINICH PKBUBAICHTHYI0 MAacCy MOKOs
DNIEKTPOHA KaXKIblH, CTAJIKUBAIOTCA y siapa atoma B IIpoctpancTBe. DTO «TBEpHOE»
HEpa3pbIBHOE HEMpEephIBHOE 0Oe3MaccoBoe cyOcranimansHoe [IpoctpancTtBo — Sp-
IPOCTPAHCTBO U3 SP 3nemeHTa. I[IpocTpaHCTBO, TakuM 00pa3oMm, sBISETCS SP-Cpenoi.
MoOXHO TIPEANOJIOKUTh, YTO TIPU OMNpPENeTIEHHBIX YCIOBHSIX JBa raMmma-GpoToHa,
CTaJIKMBAsICh, MOTYT 3aKpy4YMBAThCS: OJUH B OJAHY CTOPOHY, IPYroil — B APYryr0. ITO
Kak OBl «CTOJIKHYBIIMECS B aTake 3MeH, B Hepa3zdepuxe OOphObl CXBaTUBIINE U
IBITAIONIUECS POTIOTUTh CBOU COOCTBEHHBIE XBOCTBI».

Ob6a «3aBopauuMBaHMs» MOTYT MPOUCXOJUTH B OIHOM TMOJYIUIOCKOCTH, HaIlpUMep,
BEpXHEW OT JIMHUU CTOJIKHOBeHHMsS (cxematnyHo). Ho oba «3aBopaumBaHUs» MOTYT
MIPOMCXOJIUTh U B HUKHEN MONYIUIOCKOCTH. [IpH 3TOM, €Ciin Ha BEpXHEN MOJTYIUIOCKOCTH
AJIEKTPOH BO3HUK CJIEBA, a MO3UTPOH - CIpaBa, TO HAa HWKHEW MOJYIUIOCKOCTH BCE
JOJKHO OBITH Ha000pOT. Ho HEe BakHO, ¢ KaKOil OHM CTOPOHBI, BAYKHO TOJBKO TO, YTO

OJIMH W3 HUX JJIEKTPOH, a IPYroil — MO3UTPOH.

Koneuno, o0Opasbl 3Mel-caMOEOB W HIES «3aBOpadynMBaHUs» (OTOHOB B TOPBI OYIyT
Ka3aThCsl JUTEPATYPHBIMA M HAyYHO-(PAHTACTUYECKUMHU BBIMBICTaMH. OmHako, Oomee
oOmiee TOHSITHE — JOKamu3aus (POTOHOB JIOBOJIBHO DPACTPOCTPAHEHHOE SIBICHHE B

npupoae. Ecnum paznuuable 10 2HEprud (POTOHBI  TMOTIIOMIAIOTCS  Pa3TUIHBIMU
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JIEMEHTapHbIMM YaCTULAMH, OYEBHJHO, 3TO — JokKanu3auus ¢goroHoB. O mpoueccax,
MEXaHU3Max MOrIOUIEHUsI (POTOHOB AIEMEHTAPHBIMU YAaCTHUIAMU HUYETO HE HM3BECTHO.
Ho BronHe BO3MOXKHO, UX «HABOPAYMBAHUE» HA DJIEMEHTAPHBIC YaCTULbI. BO3MOXHO 11
X «CaMOHaBOpayMBaHUE» - He u3BecTHO. Ho Oyaem nomyckarh Takod MEpBUYHBIN
MEXaHU3M «3aBOPAYMBAHMS» 1O AaHAJIOTMU C TeM, 4YTo mpouecchl Aupdy3uu,
OpOYHOBCKOTO JBMXEHUS M CMEUIEHUS pa3IU4YHbIX aTOMOB W MOJEKYJI MOKHO
paccMaTpuBaTh Kak pa3BUTHE, 000OIIEHME MEPBUYHBIX MpOIEcCOB camoaudysum,

6pOYHOBCKOI‘O ABWKCHUA U CMCHICHUA OJUHAKOBBIX dTOMOB U MOJICKYIJI.

JInHamMuyeckasi MojaeJb J3JIEKTPOHA (MO3UTPOHA)

®otoH — crabunpHas yactuia. Eciu Ha cBO&éM myTH (OTOH HE BCTpedaeT MOTrIoaoen
€ro YacTHIIbl, TO MPAKTUYeCKU (POTOH B HEM3MEHHOM BHUJE CYIIECTBYET OUYEHBb IOJITO,
BO3MOHO, BeuyHO. Bo Bcsikom citydae, Bo BceeneHHoil nMeroTcsi ()OTOHBI, «KUBYIIIHE
MUIMapAbl JieT. DOTOH — 3TO HEKas YacTUlla, UMEIOIasi HEKYyl0 CTaOuIbHYyI0 (hopmy.
Besikas popma B TpéxmepHom IIpocTpaHCTBE OrpaHMYMBAETCS HEKOCH JIBYMEpPHOMU
MMOBEPXHOCTHIO-000I0uKOi.  Takum o0pa3oM, (GOTOH — HEKOE MPOCTPAHCTBEHHOE
oOpa3oBaHue, MYyCTh MAaJIBIX, HO KOHEYHBIX o0OBbeMa W (GOopMbl. MOXHO MpEICTaBUTH

(GbOTOH ABMKYIUMCS IUIUHIAPUUECKUM TOTOKOM B SP-cpelie.

—

Puc. 48. «[lunmuuaap» hoToHa, MBIKYIIHICS IPSIMOIMHEHHO CO CKOPOCTHIO CBETA CJIEBA

HaIIpaBoO II0 CTPCIIKC.
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[ToTOK 3TOT, OYEBHIHO, COCTOUT U3 MapALICTBHBIX OCCKOHEYHO MAaJbIX MHUKPOIOTOKOB.
B memom (oTOH MOXHO TPENCTaBUTh KaK «CHON MHUKPOIOTOKOBY», COCTABIISIIOIINAX
obmuit  motok ¢doroHa B Sp-cpene. Mukponoroku Ha puc.48 0003HAUCHBI

nmapaJuiCJIbHbIMHU JINMHUAMMU.

[Ipeanonoxkum, ramMmMa-QOTOHBI HMMEIOT UWIUHApPUYECKYO (opmy, T.e. (HOTOH —
MUIUHAPUYECKUM «CHOIl MHKPOTIOTOKOB» B Sp-cpeae. I[louemy «UMIMHIP-CHOI
MHUKPOTIOTOKOB» MOKET CYIIECTBOBATh MUJUIMAP/BI JIET, HE PA3BAIIMBAACH HA OTJICJIbHBIC
MUKpONOTOKA?  OueBHIHO, MHUKPOIOTOKH JIOKHBI OBITh Kak-TO CBsi3aHbl. U3
TUJAPOJAMHAMUKA W3BECTHO (MPUHIUN bepHysu), 4TO MNOTOKA B3aUMOJCUCTBYIOT.
OnHoHampaBieHHble (TIapajuieNibHbIC) TIOTOKU MPUTITHBAIOTCS JAPYr K Jpyry, a
pa3HOHAMpAaBJICHHBIC (aHTHUNApAIJIEIbHbIE) TOTOKH OTTAJKUBAIOTCS APYr OT Apyra. B
ATOM MOXHO YOEJHUThCS, OpPraHW30BaB B BOJE MapajUiejbHble M aHTUIApaJUIEIbHbIC
notoku. [lapaniensHble MUKPOTIOTOKU B IMJIMHIPUYECKOM (POTOHE MPUTATUBAIOTCS APYT
K Jpyry, ¥ 3T0 He HaéT (OTOHY pa3BajMBaThCAd HA YacTU BIUIOTh 10 OTIEIBHBIX
MUKpONOTOKOB. CTsruBaHue, ckaThe UWIUHApPAa TramMMma-(OTOHa HE MOXKET He
oTpaxkaTtbcsi B cpene BHe IwiuHApa. Crnepenud HWIMHAPA HUYETO HE MPOUCXOOUT,
MOCKOJIBKY (POTOH JABMIKETCS C PAaBHOMEPHOM CKOPOCTBIO, OIMpeeiseMoi (3a1aBacMoil)
caMOM Cpelol pacipOCTPAHEHHUs, & CTIKEHUE CPEAbI-IIPOCTPAHCTBA TOJBKO MOMEPEYHOE
[0 HOPMaJIM K «IWIMHIAPUYECKON MOBEPXHOCTH». CTSAHKEHUE 3TO PACHPOCTPAHSAETCS CO
CKOpoCThIO  cBeTa. [locKONbKYy  CKOPOCTH  JBIKEHHS (OTOHA U CKOPOCTHb
pPacCIpOCTpPaHEHHS CTSHKEHUS MPOCTPAHCTBA PAaBHBI, TO BMECTe C (OTOHOM TSHETCS
nuieid CTSHKEHUs MPOCTPaHCTBA MO YoM 45 TpagaycoB, OrpaHUYEHHBIN (PpOHTATBHOM
KOHYCHOM MOBEPXHOCTHIO U ThUIBHOM KOHYCHOW MOBEPXHOCTHIO MO YTIIOM 45 rpaaycoB
K HampaBJICHUIO JIBIKEeHHUS (oToHa. [IoCKONBbKY cuia cTsokeHus B nuiek(e MEHbIe yeM
BHYTPH HWJIMHApPA U C PACCTOSTHUEM YMEHbINAETCs, nuieiida oTMedeH Oosiee OeTHBIM

IIBETOM, YeM HWIHHAP (HOTOHA.
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Puc. 49. lHunuuap ¢otoHa ¢ mekdom cTshkeHus (HapsHKEHHOCTU CTSHKCHUS )
IPOCTPAHCTBA.
Ecmu mwmmHap ramma-QoToHAa 3aBOpavyMBAaeTCs B TOp, TO CKpemuistomuil 3ddexr
napajjieibHBIX MOTOKOB COXpaHsieTcss U B Tope (orona. Ho B ciywae Topa-porona
TUAMETPAIbHO  MPOTHBOIMOJIOKHBIE CTOPOHBI  OKA3bIBAIOTCA  aHTUNAPALICIbHBIMU
MOTOKAMH, M OHH JIOJDKHBI OTTAJKMBATHCA 1O BCEMY KOJbIly Topa. Bo3HHKHOBeHuHe
B3aMMOOTTAIKUBAONMIETO 3P (deKTa y AuaMeTpaibHO MPOTUBOIOJIOXKHBIX CTOPOH TOpa
MPUBOJIUT K YCHJICHUIO CXKATHUSI KOJIBIIEBOTO Tella TOpa U K €€ OOJbIIe YyCTOWYNBOCTH
(crabunbHOCTH) CBEPHYTOrO B TOp ramMma-(oroHa (diekTpoHa). CBOOOAHBIA AIEKTPOH

MOJKCT CYIICCTBOBATb BCYHO, CCJIM HC IMOTJTIOMIACTCA U HC aHHUTHUIINPYCT.

Hunusapsl rammMa-GOTOHOB TIpU CTOJIKHOBEHHMHM B Sp-cpene y sAapa aroma
3aBOPAUMBAIOTCS (JIOKAIM3YIOTCS]) B MPOTUBOIOJIOKHO BpAlAOIIMECS TOPbI, OJUH M3
KOTOPBIX MPOSIBISICTCS KaK 3JIEKTPOH, a IPYroil — Kak MO3UTPOH.
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Jlunamuueckass MoOJENb AJEKTpoHa (MO3UTPOHA)-TOpa B SpP-cpelie  MNpeAcTaBiseT
AIEKTPOH (MTO3UTPOH) KaK HEKYIO JTUCKPETHYIO TOPOUJAIBHYIO 00J1aCTh BO30YXIEHHOTO
COCTOSIHUSI B HENPEPHIBHOU Sp-cpene. Cyas mo CKOpoCcTH CBeTa (CKOPOCTH
pacnpocTpaHeHus BOJIH B IIpocTpaHCTBE), cpema 3Ta OYCHb M OYCHb JKECTKAsl IIO0
CpPaBHEHUIO C JI000OM M3BECTHOM Cpelod, Hampumep, ajiMa3HoOM, KoTopas
XapaKTepU3yeTcs CKOPOCThIO TMOMEPEYHBIX YIPYTHX BONH (3ByKa) mopsaka 10 km/cek.
OTHollIeHWe CKOPOCTEH pPacHpOCTPAHCHHS TOMEPEYHBIX BOJH B SpP-cpele M alMase
coctaBisier 30 000 (!). Moxno roBoputh, uTo Sp-cpema B 30 000 paz xkéctue
KPUCTAJUTMYECKOMN CpeIbl aMasa.

OO6sacth BO30YXIEHHOTO COCTOSIHUSI B HEBO3OYXKIEHHOW Cpelie M3 OJHOTO U TOTO JKE
«Martepmanay Sp-dIeMeHTa, OYEBHIHO, JODKHA CO37aBaTh B OTOW HEBOOOpa3uMo
KECTKOM  HEBO3OYKIEHHOM cpelle HEKHWE CHJIOBBIC TIOJIA, XapaKTepU3yeMbIe

COOTBCTCTBYIOIIIMMHU HaHpH}KéHHOCTHMH.

Bo3MokHBEI 2 BHJA CHIIOBBIX IOJIEH: JMHAMHMYECKHE M CTaTHYecKHe. JIMHaMHYecKoe
0JIe BHE TOpa 3JICKTPOHA (ITO3UTPOHA) MOXKET CO37aBaThCs KPYrOBBIM IIOTOKOM BHYTPH
Topa. CKOpOCTH 3TOr0 IOTOKAa — CKOPOCTh TraMMa-(pOoTOHa, T.€. CKOPOCTh CBETa B
BakyyMe. CKOpOCTh K€ CBeTa B BaKyyMe aOCOJIOTHA. AOCOJIOTHA B TOM ITOHUMAaHHH,
YTO B MPUPOJE HET OOJBIIEH CKOPOCTH KAaKOTO OBl TO HU OBLJIO JBMKCHHS, KAKOTO OBI TO

HU OBLJIO TUCKPETHOTO MAaTEPUAIBLHOTO 00BEKTA.

[IpencraBum cebe abCOMIOTHO >KECTKUIT HEBECOMBIM CTpEKEHb OECKOHEUHOM JIMHBI.
[TockombKy CTEp)KeHb HEBECOMBIM, TO JIO0OW AJIEMEHT ero UIMHBI MPUHIUIHATHHO
MOXXET JBUTAThCS C aOCONMIOTHOM CKOpocThio. HaunéMm Bpamate CTEpKEeHb C TaKoOu
YIJIOBOI CKOPOCTBIO, UTO TIEPBbINA 3J€MEHT cTepkHs AmuHoi mycth 10710 M Bpamaercs ¢

JIMHEMHON CKOPOCTHIO CBE€Ta Ha KOHIE MJIUHBL. [lOCKOIBKY CTepKe€Hb aOCOJIOTHO
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KECTKUH, T.€. HE PACTATUBAETCS U HE CTHOAeTCs, TO JIEMEHT CTEPKHS Ha OECKOHEYHOCTH
JIOJDKEH BpalaThCs € JUHEHHOW CKOPOCTHIO, OECKOHEUHO MPEBBIMIAIONIEH CKOPOCTh
ceera. Ho B mpupoze HeT ckopocTu, 00ibIIeil a0COTOTHON CKOPOCTH CBETA B BAKYYME.
JIro6oii 351eMEHT Ha Bceil 0€CKOHEUHOW JJIMHE CTEPKHS JO0JDKEH BpallaThCs C JIMHEHMHON
CKOPOCTBIO HE OOJbLIEH, YeM CKOPOCTh (CBETa) Ha KOHIIE MEPBOrO 3JIEMEHTA CTEPXKHS.
VYcnoBue TMOCTOSHCTBA JIMHEMHOM CKOPOCTM Ha BCEH JJIMHE CTEpKHS Tpedyer
IPOMOPUMOHAIBHOIO YMEHBIIEHUSI YIVIOBOM CKOPOCTH BpAILIEHUS, YTO PAaBHO3HAYHO
CIUPAJIEBUIHOMY HW3TMOAHUIO CTEPKHS. OJTO O3HA4YaeT HEBO3MOKHOCTb aOCOJIOTHO
KECTKOTO CTEP>KHSI, KOHEI] MEpBOro (CKOJIb YrOJHO MAajoro) 3JeMEHTa KOTOpPOro

Bpalaics Obl ¢ TMHEHHON CKOPOCTHIO CBETA.

Sp-cpena o0nagaeT oO4YEHb OOJBIION, HO KOHEYHOW JKECTKOCTBHIO, TMPOSBISIEMOM
KOHEUYHOW CKOPOCTBIO CBETa B BakyyMe. Eciii B CTOJBb )KECTKOM cpenie ABUKETCS POTOH —
YacTUIa BOJIHOBOW MHPHUPOAbI, OH HE MOYKET HE BIUATh HAa OKPYXKAIOLIYIO Cpeay, WU
cpella He MOXKET HE OTKIMKAThCs Ha Takoe ABWkKeHHe. YToObl yOeauThCcs B ITOM,
paccMOTpUM MPOCTEUIUK clydail BOJH Ha BojAe. YCTaHOBUM B OacceifHe Ba
IJIOCKONapaJUIEIbHBIX IIUTKA, KOTOPbIE MOKHO MOJHUMAaTh U omyckaTh. llonHuMeM ux
HaJ BOJIOHM Tak, YTOOBI BEPXHSS YaCTh UX ObLIA HAJl BOJOW, a HIKHAS YaCTh — MO BOJIOM.
OpranuzyeM cepuro BOJIH Ha OJJHOM KOHIE MEXAYy NapaJUieIbHbIMU IIUTKaMH. Mexay
MIMTKaMH MOUJET ceprsi BOJH. BHE NIMTKOB HUKAKUX U3MEHEHUM MMOBEPXHOCTU BOJBI HE
oynet. Korma mepBast u3 cepuu BOJIH JTOCTUTHET CEPEAMHBI ITTUHBI IIIUTKOB, OMTYCTHM HUX
B Boay. KonebGaHusi moOBEpXHOCTH BOJBI Janee OyayT pacHpoCTpaHSTHCA HE TOJIBKO B
MpsIMOM TI€PBOHAYATFHOM HAIpPaBJICHUU, 33JJaHHOM IUTKaMH, HO U MO 00€ OOKOBBIC
CTOPOHBI, MPUUYEM TrOpPa30 MEHBIIUX AMIUIMTYJ U CO CKOPOCTBIO, HE IPEBBIIIAOLICH

CKOPOCTH IICPBOHAYAJIBHBIX BOJIH.

CBepHéM TCIICPh INIOCKOIIAPAJUICIBHBIC IMHWTKKWM HAa KOHLOCHTPHUYCCKHC IMHUTKH, KOTOPHBIC

TAKKC MOXKHO IIOJHHMATh Hald IIOBCPXHOCTBHIO BOJHI, YTOOBI BCPXHHUC YAaCTH BBICTYIIAJIN
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HaJ BOJIOM, M ONyCKaTh (TONWUTh) B BOoAy. OpraHu3yeM Cepui0 BOJH B IMPOMEKYTKE
MEXKJy KOHLIEHTPUYECKHMM IIUTKAMH, BBICTYNAIOIIMMU HAJX BOAOW. J|BH>KEHHE cepuu
BOJIH MEXJY KOHLEHTPUYECKUM IIMTKaMU OyJeT MNpeACcTaBiIsITh COo00Ml Xopouio
BBIPa)KEHHBIN NOTOK. BOKpYr BHEIIHETO IIUTKA U B KPYre, OTPAHUYEHHOM BHYTPEHHUM
IIUTKOM, IIOBEPXHOCTh BOJABI CIIOKOWHAs, a B NPOMEKYTKE MEXAY IIUTKaAMHU
YCTaHABIIMBAETCSA KPYTrOBOM IMOTOK BOJIHBI. YTONMM KOHUEHTPUYECKHE IIUTKUA B BOLY.
Kpyrosoii moTok BOJIHBI ropa3/io MEHbIIEH HWHTEHCUBHOCTH, MPUYEM YObIBarolen c
paccTosiHeM, OyJeT paclpoCTpaHATbCA OT MeCTa YTOIUIEHHBIX KOHUEHTPUYECKUX

IMATKOB BO BCC CTOPOHEIL.

®oToH B CBOOOJIHOM MPOCTpPaHCTBE (SP-cpelie) ABUKETCS MPSIMOJIMHEHHO CO CKOPOCTHIO
cBeTa. JTO KOPIYCKYyJa, MyCTh OJTHOBOJIHOBAS.

Ecnu B Sp-cpene nBuxkercss GOTOH MPSMOJIMHEMHO U PABHOMEPHO CO CKOPOCTBIO CBETA,
TO B OOKOBBIX HaNpaBICHUSAX OT HEro OyAyT BO3ZMYIIEHUS CPEIbl, pACIPOCTPaHSIONIUECS

CO CKOpPOCTBIO CBCTA.

Ecimu xe poToH «3akpyTHiIcS» B 3JIEKTpOHE (TIO3UTPOHE), TO TaKKEe BO3MYIICHHS SpP-
Cpellbl MMOBTOPSIOTCS ¢ KaXKIbIM «IIOJIHBIM 000poTOM» (oToHa B Tope. Ilpm amamerpe
topa nopsigka 107° M u ckopoctu ceera 3x108 M/c 3TO OyaeT MPOUCXOMUTH C OUYEHb
oonpoil yactoroit B 3x10%® I'l. DTO PaBHOCHIILHO CYLIECTBOBAHHUIO CTAI[MOHAPHOTO
BO3MYIICHUST SP-Cpeaibl BOKPYT 3JIEKTPOHA-TOpa. I[IposIBISATBCS 3TO OYIAET TEM, YTO
BOKPYI TOpa OyIyT NMOTOKH, IMOXOXKHE HA IOTOK (POTOHA BHYTPH TOpa, HO C ropasnio
MEHBIIICH WHTCHCUBHOCTBIO, MPUYEM, YOBIBAIOUICH C PACCTOSHHEM OT TOpa-3JCKTPOHA.
Kpome Toro, BBUIY HEBO3MOXKHOCTH JIBHXKCHHS CO CKOPOCTBIO, IPEBBIIIAIOIICH CKOPOCTh
CBETa B BaKyyMe, C YBEJIMUYCHHEM PACCTOSHHS OT TOPa 3TH IMOTOKH OYIyT CIUPAICBHIHO
3amas3fbplBaTh, B COOTBETCTBHMHM C PACCMOTPEHHBIM BBIIIC  CIIy4aeM 3aKpy4HBaHHUS

a0COIIOTHO JKECTKOTO HEBECOMOTO CTPEKHS OECKOHEYHON JTHHBI.
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AHaNIOTUYHBIC TTOCTPOCHUS CIPABEIJIUBHI U JIJIsl TIO3UTPOHA-TOPA, TOJIBKO TIOTOKH OyayT
B IPOTHBOTIOJIOKHYIO CTOPOHY. «Y CTAHOBUMY Ha IJIOCKOCTH, TapaUIeIbHONH KPYTOBBIM
OCSIM Ha HEKOTOPOM PACCTOSHHUU Taphbl ABYX TOPOB-3JIEKTPOHOB (pHc. 50), IBYX TOpPOB-
MO3UTPOHOB (puc. 51), Topa-3neKkTpoHa U Topa-mo3uTpoHa (puc. 52). 'amma-poToHbI B
mapax TOP-AJIEKTPOH W TOP-TIO3UTPOH KPYTATCA B IMPOTHUBOIIOJIOKHBIE CTOPOHBI
aHTUMAPAJUICIBHBIMA ~ MPOTHBOTOKaMHU. [lo mpuHnumy bepHymmn 3TH  mapsl
OTTaJKHUBAIOTCA. B ciydae ke mapbl TOP-3JIGKTPOH W TOP-TIO3UTPOH B IMPOMEXKYTKE
MEXIy TOpPaMH IOTOKHM OYIyT OJHOHANPABICHHBIMH, T.C. IMapajUieIbHBIMH. Takue
NOTOKM 10 TpWHOUNY bepHymn mnputsaruBarorcs. [lapel  3JIEKTPOH-3JICKTPOH |
MO3UTPOH-TIO3UTPOH OTTAJIKUBAIOTCS JPYyr OT Jpyra, a Tmapa dJICKTPOH-TO3UTPOH

MMPUTATUBACTCA APYI K APYTY.

Takum 06p330M, SJICKTPOH-3JICKTPOHHOC, ITO3UTPOH-IIOBUTPOHHOC M IJICKTPOH-
IMO3UTPOHHOC B33HMOI[GﬁCTBHSI HMCIOT JHUHAMHWYCCKYIO IIPUPOLY BSaHMOﬂeﬁCTBHH
IMOTOKOB. MOXHO rOBOpUTH O ,Z[HH&MI/I“IGCKOIZ mpupoac CHUIIOBBIX HOHGfI, MMoCpcaACTBOM

KOTOPBIX BSaHMOﬂeﬁCTBYIOT QJICKTPUYICCKUC 3aPAABbI.

Huxe crnenyroT puCyHKHM mMap: 3JIEKTPOH-3JIEKTPOH, MO3UTPOH-TIO3UTPOH U AJIEKTPOH-

MO3UTPOH:
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Puc. 50. [IBa anexTpoHa.

Puc. 51. /Isa no3utpoHa.
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Puc. 52. DnekTpoH U no3TpoH.

Korna ¢otoH 3akpyuuBaeTcsi B TOPE-JIEKTPOHE MWJIM B TOpE-IO3UTPOHE, KpPOME
IEKTPUYECKOr0 TOJs JMHAMHYECKOW NPHUPOMABI, MOXET BO3HHUKATh JONOJIHUTEIBHOE
CWJIOBOE II0JIE CTAaTUYECKOW IPUPOABI. DTO IPOUCXOAUT BCIEICTBUE B3aUMOICHCTBUS
MHUKPOIIOTOKOB JIHAMETPAJIbHO IIPOTHUBOIIOJIOKHBIX CTOPOH TOPOB. DOTH MMKPOIIOTOKH U
y 3JEKTPOHA-TOPA, M Yy MO3UTPOHA-TOPA AHTUNAPAJUIEIBHBI, H OHM OTTAJIKHBAIOTCS K
nepudepun TOpoB, co3laBas JOIMOJHUTEIBHOE CKAaTHUE BCETO KPYTALIErocs IOTOKa.
IlockonbKy  OTTAJIKMBAaHWE JMAMETPAJIBHO  IPOTHUBOIIOJIOXKHBIX CTOPOH  TOPOB
YMEHBILIAETCSI C PACCTOSIHMEM, KpPYrOBbIE CEUEHHUS TeJl TOpOB OYyAyT Kak Obl
CIUTIOIIMBATBCS, YIJIUHAACH B HAIPAaBICHUU, NEPIECHIUKYIIPHOM KPYTOBBIM OCSM Tell
TOpOB. JIONONHUTENBHOE C)KATHE TEI TOPOB MPUBOJUT K JIONOJHHUTEIBHOMY
CTSTHBAIOLIEMY HATSKEHUIO BHYTPU KOJIBLIEBOM CPEIbl U OCJIA0JICHHIO CTATHBAIOIIETO
HATsDKEHMS BO BHE TOPOB. B pe3ynbpTare CTArMBAIOIIEE CTATUYECKOE HATSKEHUE BHE
TOPOB HECKOJIBKO ci1a0ee M0 CPAaBHEHHUIO CO CTATHUECKUM I'PaBUTAIIMOHHBIM HATSKEHUEM
CBOOOJIHBIX raMMa-(OTOHOB, JIETAUIUX MO mpsiMoil. HanpskEHHOCTH 3Ta HampaBlieHa K

HCHTpaM M JJICKTPOHA, W TIO3UTPOHA, T.C. HC 3aBUCUT OT 3HAKA HX IJICKTPUYICCKHX
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3apsa0B. Ilon aericTBUEM dTUX HANPsHKEHHOCTEM M DJIEKTPOHBI, U MO3UTPOHBI  TOJBKO
MPUTIATUBAIOTCA APYT K APYTy MpHU JH000M MX KOMOMHALMHU, U HE OTTAJIIKUBAIOTCA JIPYT OT
Ipyra HU IIPU KaKOM ITAPHOM COYETaHUU DJIEKTPOHOB U MO3UTPOHOB. JIOTMYHO NPUHATH
TAKO€ CUJIOBOE II0JIE KaK CTaTHYECKOE IPaBUTALIMOHHOE I10JIE TATOTEHMS JJIEKTPOHOB U

MO3UTPOHOB B SP-cperie.

HeiiTpuno

N3 Bcex cTaOMIBHBIX 3JIEMEHTAPHBIX YAaCTHII caMas 3arajgodHas — HEHUTpuHO. B To ke
BpEMs YCTaHOBJICHO, YTO HEUTPUHO - BTOpas (mocyie GoTOHOB) MO pacnpoOCTPaHEHHOCTH
B0 Bcenennoii snemeHTapHas yactura. CUYUTAOT, 9YTO B OJHOM JUTpe OO0BEMaA
KOCMHUYECKOTO TPOCTPAHCTBA COACPKUTCSA (KOHEYHO, IUHAMUYCCKH U B CPCIHEM)

nopsika 450 000 wevitpuno, a poronos — okosio 500 000.

HacuéT macchl mokost HEUTPUHO JecATUIETUSIMU EN crop, HO HobeneBckyro mpemuto

no ¢usuke 3a 2015 rox NpUCYIMIH «3a OMPEACIICHUE MaCChl HEUTPUHOY.

['paBuTanmonHoe B3aMMoJelcTBHE HeOecHbIX Tel HBIOTOH Ha3Bal «BCEMHUPHBIM
TATOTCHUEM», T.€. BCEICHCKUM NpUTSKEHHEM U aan Gopmyiy 3aKOHa BCEMHUPHOTO
TATOTCHUS, KOTOpash OTBEUAaeT Ha BOIPOC «Kak?», HO Mo Ooisiee (GyHIAMEHTAILHOMY
BOIIPOCY «IOYEMY?» OH «TUMOTE3 HE M3MBINUILI». OnHako, cuutan runote’y datuo,
Oosee W3BECTHYIO Kak Teopus Jlecaka, «eIUHCTBEHHOM THIIOTE30M, ITOCPEICTBOM
KOTOPOM TATOTCHHE MOXET OBITh OOBSICHEHO MexaHucTHuecku». CaM co3aaTelb
MaTeMaTHYeCKOH TEOPUH TPUTSHKCHUS HEOCCHBIX Tea IPHU3HABAI  THUIOTE3Y
MOJTAJTKUBAaHUs HEOCCHBIX TEJ JPYT K JAPYry. DTO U3HAYAIBHOE TPOTUBOPEUHE JICKUT B
OCHOBE BEKOBBIX JTACKYCCHM o busnueckon CYTH rpaBUTALUH.
Bonee vem TpEXCOTNETHUN CIMOpP O MPUTSHKEHWU WU TOJATAIKWBAHUM HEOECHBIX TEi

W3JI0KEH B pabore:
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http://www.Bectaukpdo.pd/biblio/Lesaz %20i1%20Geqgel nepriznfnnfja teorija gravitat

shii.pdf.

ABTOp 3TOM pabOThl U3JIOKUI HE TOJIBKO MEPUIETHH MHOTOBEKOBOIO CIOpa, HO U CBOE
BUJICHHE MMOCTAHOBKH, KaK OH BBIPA3UJICS, «C TOJIOBBI Ha HOTH» WUJIHM «C HOT HA TOJIOBY»
Bcell (Pu3nKo-puIocoPpckoii mpoOIEeMbl SBICHUS TPABUTAIMOHHOTO CTPEMIICHHUS Tel
Ipyr K aApyry Bo Beenennoil. Hanbonee 3naunmoe (OCHOBOIMOJIATraromiee) MOoJI0KEHUE €ro
M3bICKAaHU B TOM, YTO CKOPOCTh TI'PaBUTAIMOHHBIX BOJIH WM YaCTHI[ TPEBBIMIACT
CKOpPOCTh cBeTa B Bakyyme Ha 13 mopsakos (10'°C), T.e. mpeBbleHHe CKOPOCTH
rpaBUTaliui Ha 13 TOPSAKOB CKOPOCTH CBETa B BaKyyMe. DTO HE MOXKET HE BBI3BIBATH
COMHEHWUSI, TIOCKOJIBKY B TIPUPOJIE HE OOHAPYKWIA CKOPOCTbH, MPEBBIIAIONIYI0 CKOPOCTh

CBETa B BaKyyMe.

B Bo3poxaenue runore3sl datuo-Jlecaxka, aBTop ynoMsiHyTOM pabOThl paccMaTpUBaET
«yZlapHble T'PAaBUTALIMOHHBIE BOJHBI», PACIPOCTPAHSIOMIMECS B Bakyyme (IIyCTOM
npoctpancTtee) co ckopocthio 10%3c (?!). Ho He To, 4TO Takas, MOXKHO CKa3aTh,
«YMOIIOMpa4yuTEIbHAsl CBEPXCBETOBAas CKOPOCTbY», IaK€ CKOPOCTH, HE3HAYUTEIIBHO
IPEBBIIAIONINE CKOPOCTh CBETa, HE Halmojanuch HU BOo BceeneHHoll, Hu B

OKCIICPUMCHTAaX.

N3navaneHo runoreza dartno-Jlecaxka 0CHOBbIBAIACh HA HEMYCTOM IMPOCTPAHCTBE — HA
adUpe W3 MYCTOrO TMPOCTPAHCTBA C «HEBUJIMMBIMHU MEJBYANIIIMMHU YaCTHUIIAMI.
B3aumHoe skpaHHpOBaHWE ITHX YaCTUIl HEOECHBIMHU TEIAMH MOATAIKHBAIO MX JAPYT K
npyry. Ho aHanu3 skpaHuUpoBaHUS TEIaMU MEIbYAWIINX HEBUAMMBIX YacTHil ddupa c
MIPUBJICYEHUEM MOJIEKYJSIPHO-KMHETUYECKOW TEOPUU T'a30B U AJIEKTPOMArHUTHOW TEOPUU

CBCTA IMPHUBOJNII K HCCOCTOATCIbHOCTH THMIIOTC3bI ®datno-Jlecaxa.

YToOBl OJHO TEJNO MPUTITUBAIO WIH YACPKUBAJIO IPYroe, HEOOXOAWM THUOKHI TPOC
(BepEBKa) WM KECTKas IITAHra, MOCPEACTBOM KOTOPOrO OJHO TEJO MPUTATUBAET WIIU

yAEpKUBAET APYyroe Ha (PUKCUPOBAHHOM PACCTOSHHHU. B 000X ciydasx HEOOXOIUMO
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MIPOMEKYTOYHOE  3BEHO, IOCPEACTBOM  KOTOPOTO Tejda MNPUTATMBAIOTCA WU
YAEPKUBAIOTCS OT «pa3deranus». B cimydae HeOECHBIX TeNl MPOMEKYTOUHOE 3BEHO HE
npocMarpuBaerca. Mexay HUMHM IycToe npocTpaHcTBo. Kakum oOpa3zom mycrtoe
TpEXMEPHOE TE€OMETPUUECKOE MPOCTPAHCTBO MOKET CIYKUTh MPOMEKYTOUYHBIM 3BEHOM

MCXKAY TCJIaMHU, IMTOCPEACTBOM KOTOPOI'O OHHU IPUTATUBAIOTCA WU y;[ep)KI/IBaIOTCH?

Takoe MoOxeT OBITH JHIIL B TOM Ciyd4ae, €CJIM 3TO TMPOCTPAHCTBO HE MPOCTO
reOMETPUYCCKOE BMECTHIIHIIE MAaTEPHAIbHBIX O0BEKTOB OT «HEBHIUMBIX MEIIbUYAMIIINX»
M DJIEMEHTApHBIX YacTHIl JO TallakThK, a (¢u3nyeckas cyOcTaHIMalbHAs cpeaa, B
KOTOPOW MOTYT PEajH30BBIBATHCS CHIIOBBIC IMOJIsSI, B JJAHHOM Cllydae, IPaBUTAIMOHHBIC

ITOJIA CTAXCHUA.

Maccy nokost HelTpuHO oueHuau B 0, 28 3B, 4uTo mo4Tn B 2 MWUIMOHA pa3 MEHbBIIIE
MacChl TOKOA JIEKTPOHA. MOXHO CUUTaTh, UYTO HEUTPUHO — camasl JIErkasi MaTepuaibHas
AJIEMEHTapHas 4YacTUIAa C HEHyJleBOM Maccod mNokosi. DOTOHBI TakkKe OTHOCAT K
MaTepuaIbHbIM 3JIEMEHTAPHBIM YacTULIaM, HO C HYJIEBOM Maccoil MOKOSI.

CuuTaercsi, 4UTO B OJHOM JIUTpe Kocmuueckoro npoctpanctBa (Om-cpene) B cpeaHem
COJIEPKUTCS OKOJIO MOJTYMUJUIMOHA HEUTPUHO, JBUTAIOIINXCS BO BCEX HAIPABIEHUSX CO
CKOpPOCTBIO cBeTa. B TO e Bpemsi Bojgopoia B TOM XK€ OO0BEME KOCMHUYECKOIO
IPOCTpPAHCTBA HE OOJee IBYX YACTHI[ M Macca, MPUXOASIIAsICS Ha AJIEKTPOHBI BOJAOPOA,
coctaBisieT HeMHoruM 6osee 1M»aB. CrnenoBarenbHO, B KOCMUYECKOM MPOCTPAHCTBE HA
HEeUTpuHO npuxoautcs npumepHo 0,14 mMacchl 3JIE€KTPOHOB, T.€. UX CyMMAapHbIE MacChl
COMOCTABUMBI. DTO JAET OCHOBAHUE PACCMATPUBATH SIBJICHUE IPAaBUTALIMU HA HEUTPUHO —
CaMOM JIETKOM MaTepUaIbHOM 3yieMeHTapHOoM uactune. [lo ckopoctw JBUXKEHUS
HEUTPUHO JOJITHE NECITHICTUS ObLIa HeompenenéHHOCTh. MHorma mgake CUuTaid, 4TO
oHa Oonpuie ckopocTd cBeta. Ho B 2018 r yu€HbBIM yaanoch U3MEPUTh CKOPOCTh

JIBUKCHUSI HEUTPUHO
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«Y4yéHble YCTAHOBUJIN TOYHYIO CKOPOCThH JABUKEHHUSI HEUTPHHO

Bropnuk, 24 Urons 2018 12:06

YacTuiibl HEUTPUHO JBUKYTCSI HE OBICTpee CKOPOCTHM CBETa, TO €CTb, CJHEIaHHOE
HECKOJIBKO JIET Ha3aJ IPEIOJI0KEHUE O TOM, YTO HEUTPUHO OBICTpEE CBETA, OKA3ajoCh
HE COOTBETCTBYIOIIMM JEUCTBUTEILHOCTU. Takoe 3asBJICHNUE CAEIAIN YUYEHBIEC U3 Pa3HbIX

CTpaH MHpa, OOBEAUHUBILINECS AJI1 YCTAHOBJICHHUS TOYHOU CKOPOCTH HEUTPUHO.

quHme, B 4aCTHOCTH, MIPOBCIIA IKCIICPUMCHT, IO UTOraM KOTOPOT'O BBIACHUIIOCH, YTO
HJaCTHUIIbI HeﬁTpHHO, HCTOYHHUKOM KOTOPBIX SABJIACTCA yAAJICHHAA OT HallleW IJIAaHEThl Ha
YCThIPC MHUIUIMOHA CBCTOBLIX JICT TAJIAKTHUKA, IMPWICTAKOT Ha 3eMIIr0 Ha OIHY

MWUIHAPAHYIO JOJIFO CCKYHBI ITO3KEC, YEM CBCT OT 3TOTO K€ 3BC3/THOT'O CKOIIJICHUA.

To CCTh, HCﬁTpPIHO COBCCM HC3HA4YUTCJIBHO, HO MCAJICHHCC CBCTA. 141 YK TOYHO HC
6I>ICTpee —  0COOEHHO MMOAYCPKUBAOT HCCIICAOBATCIIN, OIIPOBCPrmine MHCHUC,

cymectBoBasiuee ¢ 2011-ro roaa.

"Yacmuysbl HeUMpUHO OKA3ANUCL MeHee Obicmpuimu, yem ceem. To ecmw, cxopocmu
HeUmpuHo U ceema 6NOJIHe CPABHUMbI, HO HACMUybl BCe-Mmaku OBUNCYMCS C
He3HayumenbhblM — omcmaganuem”, —  TOBOPAT  aBTOPbl  MEXIYHAapOJHOTO

HCCIIEIOBATEIBCKOTO  IIPOEKTA. (https://planet-today.ru/novosti/nauka/item/90149-

uchjonye-ustanovili-tochnuyu-skorost-dvizheniya-nejtrino».

[TpuHIIMT KOPITYCKYJISIPHO-BOJIIHOBOTO Jlyajdn3Ma paclpoCcTpaHsIeTCs Ha HEUTPUHO Kak Ha
MaTepHAbHYI0 (MMEIONIYI0 MAacCy) SJEMEHTapHYI0 YaCTUIly CaMbIX MAaJIbIX Pa3MEpOB.
Kax xopmyckymna ono mommkHo uMmeth Gopmy. Ilycts 31a hopma Oyaer nmummaapom. Kak
BOJIHA, B K&KJJOM HOBOM MECTE HEUTPUHO COCTOWT M3 HOBBIX AJIEMEHTOB 00BEMa Cpebl

pacrpocTpaneHus. B maHHOM cirydae 31eMeHTOB 00béMa Om-cpeibl.
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Puc.53. Hunuaap HEHTPUHO B BEPTUKAIBHOM IOJIOKEHUU U €T0 CEUCHHE BHU3Y.

HYCTB MUJIIUHIP HeﬁTpPIHO ABHIKCTCA CO CKOPOCTBIO, MEHBIIIEH CKOpPOCTH CBCTa B

Om-cpezxe. BHYTpI/I OUJINHAPA IMapaJlJICIIbHBIC JTHMHUN H306pa}I(aIOT KOJIBICBBIC IIOTOKH

Om-cpenbl. OTH TOTOKM BHYTPU LWJIUHApPA JBIKYTCS OTHOCHUTEIBHO IMHJIWHIPA CO
CKOPOCTBIO CBETA B MPOTUBOIOJIOKHOM HarpaBieHud. O HOHAIIpABICHHbIE TTOTOKHU, KaK
M3BECTHO, TMPUTATUBAIOTCSA. DJTO IMUPOKO HAOIIOAAETCS B TOTOKaxX rasa, »XUIAKOCTH,
anekTpuuecta. CrenoBaTeinbHO, HA IWIMHAP OyJeT ACHCTBOBATH HANMPSIKEHHOCTH

paanuajJdbHOro CTAXKCHHUA K €0 OCH.

[Tockombky cybOctanmmanbaas Om-cpefa He pa3pbiBHA, HANPSHDKEHHOCTH PaTUaIbHOTO

CTSDKCHHSI TIOTOKOB BHYTPHW IIWUIMHIpA paguaibHO pacmnpocTpansetrcs B Om-cpene BHE
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MWIMHAPA HEUTPUHO. DTa HAMPSHKEHHOCTh CTSHKEHHS pacnpocTtpasseTcs B Om-cpene co
CKOPOCTBIO CBeTa. PacCMOTpUM HEUTPHHO B CHCTEME KOOPAMHAT, IPUBA3AHHON» K

HEUTPHUHO.

Puc. 54. Crsxenne Om-cpeabl IBHXKYLIIMMCS IO CTPEJIKE HEUTPUHO C IOUYTH CBETOBOM

CKOPOCTBIO B CUCTEME KOOPAMHAT, IBUKYIIEHCS C TOU K€ CKOPOCTHIO.

Crsoxenne Om-poCcTpaHCTBA TTOKA3aHO 00JIee CBETIIBIM IIBETOM 10 CPABHEHHUIO C IIBETOM
caMoro IWIMHApPA HEUTPUHO, a HE CTAHyTas cpena Om-mpocTpaHCTBa BIEPEAU U C3aIU

HeﬁTpHHO OTOBCYCHO CBCTJ’IO-FOJ’IY6I>IM OBCTOM.
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W3BectHa peaknus ve+ p — €'+ n  (®. Paitnec u K. Koysn, 1956 r.), kotopas
noaTBepawia runore3dy Heutpuno (Ilaymm, 1930 r.). B pesynbraTe B3aumMojencTBUs
3JIEKTPOHHOTO aHTHHEHTPHHO ( ¥¢) ¢ MPOTOHOM (P) 06pasyeTcs MO3UTPOH () 1 HeHTPoH
(n). B cBOOOIHOM COCTOSTHMM HEHTPUHO (AaHTHHEHTPUHO) JABIIKETCS C OYCHBb OOJIBIIOH,
HO HE CBETOBOI CKOPOCTBIO. I'/Ie 0Ka3anochk *e B pe3ynbTaTe B3amMojeiicTeus PaitHeca-
Koysna? B HCTHMHHO 3J1€MEHTapHOM MO3UTPOHE €ro ObITh HEe MoXeT. Mcue3HyTh He
MoskeT. OcTa€Tcsi TOJIBKO OJIMH Pa3yMHBIM OTBET — B HEUTPOHE. DTO MOJATBEPKAACTCS U
TeM (haKTOM, YTO CBOOOJHBIM HEUTPOH B TeueHue 16 MUHYT pacmajaeTcss Ha MPOTOH,
AJIEKTPOH U AJEKTPOHHOE aHTUHEHUTpHUHO. Clie10BaTENbHO, 3JIEKTPOHHOE aHTUHEHTPUHO
coliepkUTCs B HeTpoHe. Ho 3To 03Havaer, 4To YyacTulia C MOYTH CBETOBOM CKOPOCTHIO B
CBOOOJTHOM COCTOSIHUM JIOKAJIM3YeTCsl B HEUTPOHE, KOTOPbI MOXXET HAXOJUTHCS U B
nokoe. Ho kak? Takoe MOXHO JOMYCTUTh, €CIAM IWIMHIAP HEUTPUHO MOXKET

CBOPAYUBATHC:A, B IIPCACIIC 10 CMBIKAHUS «T'OJIOBBD) C «KXBOCTOM)).

CBopaunBaHue MWIMHAPA HEUTPUHO B KOJIBLO MPUBOJUT K TOMY, YTO LMJIMHAPUYECKOE
csokeHre  cpenbl  Om-mpocTpaHcTBa mpeoOpa3yeTcsi BO BCECTOPOHHEE OO0BEMHOE
CTSDKEHUE K IEHTpPY KoJiblla HeWTtpuHo. IlycTh UuiauHAp HEeUTpuHO HaA puc. 54
CBOpauMBaeTcs IO 4YacoBOM crpenke. JleBas dYacTh UMIMHApA CTSKEHUS CPEJbI
Om-mipocTpaHCTBa OKaXETCsl BO BHE KOJbIA U3 CBEPHYTOrO LWJIMHApPA HEUTPUHO, a
npaBasi 4YacTb UWJIMHApPA CTsOKEHUs cpeabl Om-mpocTpaHCTBA OKaXETCS BHYTPH
CBEPHYTOIrO KOJblla W3 UWIWHApPA HEUTPUHO. [Ipy cBOpauMBaHMM LUIMHIPA HEUTPUHO
B KOJIBLIO JUIMHA U IIHPHWHA MPSIMOYTOJBHOTO OCEBOI0 CEUCHMS, NEPIEHINKYISPHOrO K
IJIOCKOCTU OCEBOTO CE€YeHUsi Ha puc. 54 wu3MeHsorcs. B mapanienbHbIX K HEMY
JIEBOCTOPOHHUX IPSMOYTOJIBHUKAX JUIMHA U3MEHSETCS BIUIOTH 10 JIMHUUA — BHEIIHETO
JaMeTpa KOJIbla HEUTPUHO, a BCE MapaJUICIbHBIE K HEMY IPAaBOCTOPOHHUE
MPSIMOYTOJBHUKU OYyAyT YMEHBIIATHCS U MO JUIMHE, U MO IIMPUHE BIUIOTH A0 JUHUU —
BHYTPEHHEr0 IUAaMETpa KOJIbIIAa HEUTPUHO. JMaMeTp HWIMHAPA HEUTPUHO COXPAHSAETCS

B 1MaMCTPC CCUCHUS KOJIbLa HeﬁTpHHO.
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B pe3ynbTaTe cBOpauMBaHHMS LWIMHIpPAa HEUTPUHO HaA puUC. D4 TOIYYUM KOJIBIIO
HEUTPUHO BMECTE C HANpPSHKEHHOCTBIO CTSHKEHUS cpelibl Om-mipocTpaHCcTBA Ha PUC. DO.
OuyeBusiHO, TUAMHApUYECKOE CTsbkeHHe Om-cpedbl HMIMHIPOM HEUTPUHO TPHU €ro
CBOpPAYMBaHUM B KOJIHIIO MEPEXOJUT BO BCECTOPOHHEE CTsxkeHHue Om-Cpeabl K LEHTPY

KOJIbLIa HEUTPUHO.

Puc. 55. Becectoponnee ctsizkeHue cpeibl Om-IpocTpaHCTBA KOJIbLIOM HEUTPHHO.

Bcecroponnee crskenue cpeapl 0m-mpocTpaHCTBa KOJIBLIOM HEUTPHUHO MTOKA3aHO TOJIBKO
yeTbIppMsl  cTpenkamu. KoHUEHTpHYecKkre OKpPYKHOCTH BHE KOJIbIIAa HEUTPUHO
MOKA3bIBAIOT YOBIBAIONIYID C PACCTOSIHUEM HANPSHKEHHOCTh  CTSKEHHUS  CPEIIbI
Om-ipocTpanctBa. Ecnu munmuHap HEUTPUHO HA pUC.54 CBOpAYMBACTCS MPOTUB YACOBOU
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CTPEJIKH, TO pe3yJbTaT OyAeT TOT ke, 4To Ha puc. 95. [Ipu cBOpauMBaHUM HUIUHAPA
HEUTPUHO B KOJIBIO MEPBOHAYAIIbHAS MTOYTH CBETOBAasi CKOPOCTh LHWJIMHAPA HEUTPUHO HE
oOHyngeTcsi. OHa COXpaHsAeTcsl B KOJIbLIE, T.€. KOJIBLIO BEPTUTCA C IMOYTU CBETOBOU
cKopocThio. KoHEeUHO, MOKOSIMMXCS CBOOOIHBIX KOJIBIIEBBIX HEUTPUHO HET. CBOOOIHBIE
UWIMHAPUYECKUE HEUTPUHO CYIIECTBYIOT TOJIBKO B JBM)XEHUM C TMOUYTH CBETOBOM
cKopocThio. JIokann3oBaHHBIE (KOJBIEBbIE) HEUTPUHO MOTYT OBITh TOJBKO B COCTaBE
IpYrux 4YacTull, HampuMmep, B HeWTpoHax. [loaToMy B3auMOAEHCTBUE ABYX HEHUTPUHO
MOXHO paccMaTpuBaTh, TOJbKO OTBJIEKAACh OT JIByX MPOTOHOB U JBYX JJIEKTPOHOB B
COCTaBe JBYX HEUTpPOHOB, T.€. cuuTasgs UX OTCyTcTByromuMu. Ilpu Takux
UJICATU3MPOBAHHBIX YCJIOBUAX JBa KOJBIEBBIX HEUTPUHO, KaXJ0€, CTITUBAsl Cpeay
Om-tipocTpancTBa, OyAyT B3aUMHO TMOATATHUBATH APYr  JIpyra B COOTBETCTBUU C
dbopmynoit Herorona 3akoHa BCeMUpPHOTO TATOTeHHS. Eciu Mexay HUMU HET HUKAKUX
MaTepUagbHBIX TMperpaj WIM I[EHTPOOEKHBIX CHUJI, TO OHU OYIyT CONMKATHCS.
COmmkarbest OynyT MO TPUYMHE OTCYTCTBUS compoTuBiieHus Om-cpeabl U mperpan
Mexay HumH. CompotuBieHusi cpeabl Om-MpocTpaHCTBa HET MO TOM NPUYHMHE, YTO
JIBUKYIIUNACA C TIOYTH CBETOBOM CKOPOCTHIO BO30YKIEHHBIM 3yeMeHT Om B KOJbIE
HEUTPUHO C TaKOM e CKOPOCTHIO 3aMeHseTCs HEBO30YyXAEHHBIM dieMeHToM Om u3
BHEIIHeN cpenpl Om-TipocTpaHCTBA MpU MEPEX0/I€ K HOBOM TOUYKE MPEOBIBAHMS KOJIbIIA
HelWTpuHO. Takoi 0OOMEH ¢ TIOYTH CBETOBOM CKOPOCTBHIO TIPOMCXOAUT II0 BCeH
NOBEPXHOCTH pa3feia MEXAYy IBWKYUIUMCS KOJIBLIOM HEHUTPUHO W HEMOABUKHOMN

okpyxaromieir  Om-cpenoi.

Wnes moarankuBaHusi HEOECHBIX TEJ APYT K Apyry, Oepyias Hadano emé oT ¢puinocodon
HpeBHeit Dmnaael, MaTemMaTudecku odopmieHHas JlecakeM, 3aBepIIUBIIAsCA
¢usnueckoir Teopueil rpaBuTanuu DemynaeBa, OCHOBBIBaIacCh Ha A(pUpPEe — MyCTOM

IrCOMCTPHUICCKOM IMPOCTPAHCTBEC C XdOTHYCCKHM ABMXKYIIMMHCA 4YaCTHLOaAaMH  OT
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MEJbYAUIINX HEBUIAMUMBIX 10 PA3JMYHBIX BHUXPEHM HMEPAPXUUYECKUX  YPOBHEU

(http://www.sciteclibrary.ru/c gi-bin/public/YaBB.pl?num=1543816467).

B oranmume ot 3dupa, B KOTOpPOM aOCTPAKTHOE TE€OMETPUYECKOE TPEXMEPHOE
IIPOCTPAHCTBO  BcelleHHOW — MmaTepuanusyercss  «MEJIbYaWIIMMU  HEBUAUMBIMI
MaTepUaIbHBIMU ~ YaCTULIAMM, (PU3NYECKOMY TMPOCTPAHCTBY U3 HEMPEPHIBHOIO

cyOCTaHIIMaIbHOrO ecTecTBeHHOoro oanemenra Om (http://www.sciteclibrary.ru/c  gi-

bin/public/YaBB.pl?num=1543816467) He TpeOyrTCs  MaTepUalbHBbIC <«AQUPHBIC

gacTuib».  HepaspeiBHas cyOcrtaniuss Om  sIBISETCS JAOMaTepHalbHOU (MaTEpHUIO
poXKaaroleld, MaTepuio coctapismomei) cymuoctbio (http://www.sciteclibrary.ru/c gi-
bin/public/YaBB.pl?num=1543816467).

HanmMensbIme NCTUHHO JIEMEHTAPHBIC YACTULIBI HEUTPUHO COCTOSIT U3 BO30YKIEHHOM 10
MOYTH CBETOBOM ckopocTu cyoctaniuu Om. [lapannenbHble TOTOKK 3TON BO30YKAEHHOM
cyocraniuu Om B Qurypax, popmax (Tenax) HEHTPUHO, IBIKYIIMXCS MPSIMOJIMHEHHO
WIM B KOJIbIIE, CO3JAIOT B OKpYXarollell HemoABMXKHOM Om-cpene HanmpsiKEHHOCTU

CTAOKCHUA Om-HpOCTpaHCTBa.

JIBa HEWUTpHHO, Kaxaoe ctaruBasg Om-mpocTpaHCTBO, MOIATITUBAIOT Apyr apyra. Ilpu
OTCYTCTBUU compoTuBieHuss Om-cpenbl, 00yCIOBIEHHOTO OOMEHOM C MOYTH CBETOBOMU
CKOPOCTBIO  BO30YXIEHHBIM (Om-3JIEMEHTOM B HEHUTPUHO M  HEBO30YXIAEHHBIM

Om-anemenToM Om-TIpocTpaHCTBA, 3TH JBa HEUTPUHO COTMKAIOTCS.

B siBiieHMU rpaBUTALINU MPOSBIAETCS NOATITHUBAHUE (TSITOTEHHE), HO HE MOATAIIKUBAHUE
TUMOTETUYECKUMH ~ MENbYAUIIUMUA  HEBUJIUMBIMU S(DHUPHBIMU  YaCTHUIIAMHU. Camu
HEUTPHUHO (peanbHbIC MENbYANIIINEe HCTHHHO 3JIEMEHTAPHBIC YaCTUIIBI) HE MOTYT OBITh B
poiin «3(UPHBIX YaCTHUI», B3aUMHOE SKPAaHUPOBAHUE KOTOPHIX HEOECHBIMU TEJIaMH
MOATATKUBAIOT UX APYT K Apyry. [IpuunHa ocHoBaTenbHAas. 3BE3IBI U IPYTUe HEOCCHBIC
Tena, Kpome, OBbITh MOXET, HEHUTPOHHBIX 3BE3l U YEPHBIX JbIp, MPO3payHbl JIs
HEUTPUHO.
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HeliTpuHo, kak u QOTOH, ABISETCS KOPNYCKYJISIPHO-BOJIHOBOM 3JIEMEHTAPHOM YacTHUIIEH,
T.€. XapaKTepu3yeTcsl YaCTOTOM W IJIMHOM BOJIHBL. B oTinume oT oTOHA HEUTPUHO HE

BCTYIIACT B QJICKTPOMAIrHUTHOC B3aI/IMOI[€I\/'ICTBI/I€.

Ho HelTpruHO B3aUMOAEHCTBYET C IIPOTOHOM, T.€. BCTYNAeT B CUIBLHOE B3aUMOJEUCTBHUE,
Hamnpumep, IpU ONPEHEIEHHBIX YCIOBUAX OJIIEKTPOHHOE AHTUHEHTPUHO BMECTE C
JIEKTPOHOM 3aXBaTbIBAETCsS (JIOKAIM3YETCs) IPOTOHOM C IEPEXOJOM €ro B HEUTPOH.
['oBOpAT, uTO HENTPUHO (aHTUHENTPHUHO) MpoJieTaeT ConHile, He 3aMeyas ero. U kak mpu
TaKOM WMHEPTHOCTH MPOUCXOAUT 3aXBaT €ro IPOTOHOM, NPUYEM  OJHOBPEMEHHO C
NEKTpOHOM — 3aragka. OpHako, B sAepHOM (u3Mke Takue TpPEXUACTUUYHBIC

BSaHMO}IGﬁCTBHH CUUTAOTCA PCAJIbHBIMU.

UTto xe KacaeTcsl TPaBUTAIIMOHHOTO 3apsjia, 0OOYCIOBJICHHOTO CTATHUECKUM CTSKEHUEM
Sp-cpenpl, TO UM 00JIaJJaeT U TOP-HEUTPUHO, XOTS TOPaA3J0 MEHBIIUM IO CPABHEHHUIO C
TPaBUTAIMOHHBIMM 3apsilaMd  TOpa-dJIEKTpOHA U Topa-no3uTpoHa. IlostoMy mydu
HEUTPUHO OT JAIEKUX 3BE3M MPHUHITUIIUAIBHO JTOHKHBI OTKIOHATHCS BOIM3u Comnaia. Ho
MPOCIEAUTh 32 «IEeCUMHKAMU 3BE3AHBIX HEUTPUHO»  MPAKTUUECKH HEBO3MOXKHO B

«Caxape COJTHCYHBIX HCﬁTpHHO».

IMupamuga oObITHA
BbriTre — cyniecTBOBaHME + KU3Hb.

I/ICXOI[H N3 3TOI'0 OIIPCACIICHUA OBITUS U U3 BBIINICHU3JIOKCHHOI'O, MOKHO OIIMCAThb O6HIYIO

[Mupamuny ObITHSA:
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Yeno -
BeuyecrBo

[uckpeTHaa marepus
HelTpuHO, raMma-¢pOoTOHbI, 3NEKTPOHbI, NO3UTPOHbI,
HYKNOHbI, aToMbl, Tesna, HebecHble Tena, CKOMMEHUA raNakTuK

b ETY
TBOpALWAA
Xusuo
CO3Halowasn

b ETTY

Cyuwecr -
BOBaHMue

Om
HenpepbiBHaa ogHopoaHan cy6cTaHumMA

Puc. 56. Ilupamuna ObrTHs.

B ocnoBanuu Ilupamunbl ObiTust HenpepbiBHAA oaHOpoaHas Om-cyOcTtanmus. HexuBas
JTUCKpETHAsT MaTepusi: HEUTPUHO, ramMma-(OTOHBI, DJIEKTPOHBI, MO3UTPOHBI, HYKJIOHBI,
aTOMBbI, Tella, HeOEeCHbIE TeJa, CKOIUIEHHS TaJaKTUK COCTOMT W3 BO30YKICHHOM
Om-cpenbl. PacTeHusi, MUKpPOOPraHH3MBI COCTaBIAIOT TEPBBIE JBE CTYNEHU BBICIICH
(GbopMBI CyIIECTBOBaHUS — >KU3HU. JKUBOTHBIE OTHOCATCA K CTYNEHU CO3HATEIbHOU
*u3HU. B camom nene, HaGmrogas 3a 1OOBIBAHMEM TUIIH, HAPUMEpP, CTAU BOJIKOB WITU
KacaTOK, HEBO3MOXXHO OTKa3aTh MM B HaJW4YuM CO3HAaHUA. VX mnoBeneHWE BBIAAET

QJICMCHTEI CTPATCTUH, TAKTHUKHU U OIICPATUBKHU.

Ha Bepmmne [Tupamunbl ObITHS )KU3HB TBOPSIIAs — yejgoBeduecTBo. Ha camom aerne moau
OTJIMYAIOTCSI OT KUBOTHBIX HE TOJIBKO MOUCKOM M CO3[JaHHEM HEOOXOAUMBIX YCIOBHUIA
JUIsT OMOJIOTMYECKOM JKM3HU, HO U YKU3HBIO JYXOBHOM, JYXOBHBIX TBOPEHUH BO BCEX
chepax yMCTBEHHOW JEATEIBHOCTH: PEJIWIWU, JIUTEpaType, HCKYCCTBE, HayKe,

dunocodwuwu, ...
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Bce wu3menennss Bo BceneHHOW mNpoOMCXOASAT B KOCMHUYECKOW cpene, B Om-cpene.
JIUCKpeTHBIE MaTepUAIbHbIE HCTHUHHO DJJIEMEHTApHBIE YACTHUIBI POXKIAIOTCS U
YHUYTOXKAIOTCS; COCTAaBHBIE DJIEMEHTAPHBIC YaCTULbI, HOHBI, AaTOMBbI, MOJIEKYJIBI
0o0pa3yloTcs M pacnajaloTcs; OCYIIECTBISIOTCS arperatHble COCTOSHUS IUIa3Mbl, T'a30B,
KUJKOCTEH, TBEPABIX TEJI U HMX B3aMMHBIE INEPEXONbl; 3a)KUTAIOTCS W TaCHYT 3BE3[bI,
(dbopMUpYIOTCS U pacnafatoTcsi HeOECHbIE TeNa, TalakKTUKU. Bece MaTtepuanbHble 00bEKTHI,
BIUIOTH J10 UX OMOpa3zHoo0pa3us, BKIOYash YeI0BEUECTBO, COCTOAT U3 Om- €CTECTBEHHOIO
AJIEMEHTa, TOJBKO BO30YKIEHHOTO JIO CKOPOCTHM CBE€Ta IO CPAaBHEHUIO C
HeBO30YykJeHHOM Om-cpenoil. Bcesi OeckoHeunass u BeuHass Bcenennas coctout wu3

Om-pemMenTa, HEeBO30YKJICHHOTO M BO30YKIECHHOTO.

Om-ecrecTBeHHBIN 31eMeHT, Om-cpena TpeOyroT TIIATETbHOTO HM3Y4YEHHUs, OCO3HAHUS,
ocBoeHMs. Ha 3TOM He JerKoM, HO MHOTOOOCIIAIONIEM ITyTH OTKPOIOTCS TOJITOCPOYHBIE,
U Jajiee OKOHYATEIbHBIC PEIICHUS KIMMATHUYECKUX, IKOJOTHYECKUX U SHEPTreTUICCKUX

poOJIeM.

Heiitpon

C 30-X T0J10B MPONLIOTO BEKa YCTOSIOCH MOJIOKEHUE O TOM, YTO BHYTPH SIJIEP aTOMOB U
HYKJIOHOB HET 3JIeKTpoHOB. W 3TO, HecmotTps, Ha siBieHus [B-pacmaga u K-3axBarta.
Brerxoguino Tak, 4TO W3 YEro-To POXKAAIOCh HEYTO, HO €ro TaM He ObUIO, Jaxe B

3apojipiie. A BHEIPSSICh BO YTO-TO, 3TO HEUTO UCYE3a10 OecCleaHO.

Ho HwuTO HE BO3HMKAET M3 HUYEro, U HUUTO HE Mcue3aeT OeccieHO BO BcenmenHoi.
DTO — IPUHIUIT COXPAHCHUS B BEYHOCTH HEMPEPHIBHOM SP-cpeabl W MaTepuud BO

Bcenenoii.
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['maBHOW TPUYMHON CKIOHEHUSI K TaKOMY MOJIOKEHHUIO OBbLT FeOMETPUYECKUM (akTop.
Pa3mep snexTtpona cuutaics OOJblI€ pa3MEpPOB HYKIOHOB, M MEHBIIEE HE MOTIJO
BMemiaTh Oonbiiee. OIHAKO, B HACTOAIIEE BpPEMs HMEIOTCS OIEHKH, YTO pPa3MeEphI

5JIEKTPOHA U HYKJIOHOB CONOCTaBUMEIL, mopsiaka 107° m,

CnpammBaeTcsi, €Ciau 3JIEKTPOHA HET B HEUTPOHE, TO, KaK OH BO3HMKAET IPU pacnaie
HEWTpoHA? AHAJOTMYHBIA BOIIPOC KacaeTcsi M HEUTpUHO. Ecnu HeuTro pokaaercs u3

qyCro-T0, TO 3TO YTO-TO AOJIP’KHO UMCTB, 11O MEHBbIICH MCpC, 3apoablll 3TOIO0 HCYTO.

OCHOBBIBasSICh Ha 3aXBaT€ AHTUHEHUTPUHO M HJIEKTPOHA MPOTOHOM, MOXKHO CHIEIATh
npeamnonaoxenue o crpoenun Heiitpona. O ToM, Kak MPOUCXOAUT 3aXBaT aHTUHEUTPHUHO
IPOTOHOM HHUYEro HE M3BECTHO. MOXKHO MPEANOJIOKUTh, UYTO AHTUHEUTPUHO, KakK
JacTulla, UMEKIas Kakyi-To (GopMy, Hampumep, MIWIMHAPA, «HABOPAUYMBAETCS» Ha
IPOTOH, Y KOTOPOrO MMEETCS] BHEUIHUM TOP-TIO3UTPOH. DJICKTPUUECKA HEUTPATbHOMY
AHTUHEWUTPUHO,  TOJIOKHUTEJIBHO  3apsSKEHHbIM  MO3UTPOH  HE  MEIIAeT  €ro

«HaBopauuBaHuto». [lonydaercs kak Obl BHEITHUI TOP-aHTUHEUTPUHO.

Ecam TOpy-3/IeKTPOHY «HABOpAauMBATHCS» HAa TOP-TMIO3UTPOH HEBO3MOXHO H3-32
AHHUTWISILMHA, TO HA MPOMEKYTOUHBIA TOP-aHTUHEHUTPUHO, IO-BUAUMOMY, MOKET.
DJNIEKTPUUYECKH HEUTpaIbHbIA TOP-aHTUHEUTPUHO MPEMATCTBYET «CIAUSTHUIO» DJIEKTPOHA C

MO3UTPOHOM C HEN30ES)KHOM aHHUTHIISITUCH.

Nrak, Ha NPOTOH «HABOPAYMUBAIOTCS» aHTUHEUTPUHO U BJIEKTPOH. B pesynbTare, npoTOH
CTAaHOBHUTCS HEUTpoHOM. HO B CBOOOJHOM COCTOSSHMHM HEHUTPOH HE CTaOWJIeH, U IO
HMCTEUEHUH NpPUMEPHO 16 MHUHYT pacrnajaaercsi Ha MPOTOH, BJEKTPOH U BJIEKTPOHHOE

anTuHEeTpuHO. CBOOOIHBIE IPOTOH, SJIEKTPOH M AHTUHEUTPUHO — CTAOUIIHHBIC YACTHUIIHI.

173



IIporon

Hexonsd U3 ONMCAaHHOIO IPEAIIONOKEHUsS NOCTPOMKH MPOTOHA OO HEUTPOHA, MOYKHO
HAMETUTh CTPOEHHUE CaMoOro MnpoToHa. Ha TOp-NO3UTPOH «HAKPYYUBAECTCSA» TOP-
anTuHeiTpuHo. Ha 310 2-TopoBoe 00pazoBaHNe «HAKPYYHBAETCSI» TOP-3JIeKTpoH. Ha 310
3-TopoBO€ 00pa3oBaHUE «HAKpPY4YMBaeTCA» Top-aHTHHEHTpuHo. Ha 310 4-TOpOBOE
o0pa30oBaHuE «HAKPYUYMBAETCA» TOP-NMO3UTPOH. Bes S-TopoBas KOHCTpYKLMS 3apsbKeHa
MOJIOKUTEIBHBIM 3JIEMEHTAPHBIM 3apsiAOM. ITy KOHCTPYKIIMIO MOKHO IIPUHATH 3a SAJIPO
nporoHa. Ha Hero Moryr mocienoBaTelnbHO «HAaBOPAYMBATHCS» 4-TOPOBBIE «3BEHBS) -
CJIOM WU 00O0JIOUKH, MOAOOHBIE 5-TOPOBOMY SpY, HO 0€3 LEHTPaJbHOI'O MO3UTPOHA.
Macch! sipa TpoTOHa U HEOOXOJMMOI'0 KOJMYECTBA «3BEHBEB» B CyMME JOJKHBI J1aTh
Maccy nporoHa. Koan4ecTBO KOHLEHTPUUYECKUX 3BEHBEB HEONPEACIEHHO, IMOTOMY YTO
MacChl «CBS3aHHBIX» TaKUM 00pa3oM MO3UTPOHOB, AHTUHEUTPUHO M IJIEKTPOHOB MOTYT
HE PaBHATHCS MaccaM CBOOOHBIX MO3UTPOHOB, AHTUHEUTPUHO U DJIEKTPOHOB 32 CUET UX
JOTIOJIHUTEIIBHOIO CKATHUsI BHYTPU CUCTEMBI BIIOKEHHBIX KOHLICHTPUYECKUX TOPOB. Uem

OoJIBIIIE CKATHE TEl TOpPOB, TCM 0oJIbIIIe X MACCHL.

Snpa atomoB

IIpoton — sapo atoma Bomopoma (ITpotms). OH MoxeT oOpa3oBaThCS B IpoIecce
CaMOITPOM3BOJILHOIO pachaja HEUTpOHa, KOrjJa KUHETHYEeCKas SHEPrusl >3JIEKTPOHA
JI0OCTaTO4YHA JJIi TOTO, 4YTOOBI TOKUHYTh «cdepy» BIUSHUS TOJOXKHTEIHHOTO
ANEKTPUUYECKOTO 3aps/ia OCTaBIIErocs MpoToHa. [IpOTOH MOXKHO CUMTaTh MPOAYKTOM
pacnaga HeEWTpoHa. «Beuierenn» W3 HEro KpaWHHUE DJJIEKTPOH M DIEKTPOHHOE

«AHTUHEUTPUHO.

KOHHGHTpI/I‘-IeCKI/IC CJIOM TOPOB CIKAThbI, T.C. TCJIA KOJICH CY)KCHbI, 1 OHH HAa CBCPXMaAJbIX
PacCCTOAHUAX IIOpAAdKa (beMTOMeTpOB O4CHb CHJIBHO CTAaTH4YCCKUM MW JHMHAMHWYCCKH

(IOTOKOBO)  B3aMMOJEUCTBYIOT. B0O3MOXKHO, Ha CBEpXMaJIbIX pacCcTOSIHUSAX (HA
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CONPUKACAHUM TOPOB) HAMPSIKEHHOCTH CHUJIOBBIX CTAaTHYECKUX (IPaBUTAILMOHHBIX) WU
JUHAMUYECKUX (JIEKTPUUYECKHUX) MMOJIEW HapacTalT Oosee 4eM oOpaTHO KBAaJApPaTUUHO

PacCTOSIHUIO.

PaccmoTpum ctabumnbHbIN u30Ton Bogopoaa — Jleitepuii, y KOTOPOTo sIAPO COCTOUT M3
IIpOoTOHAa W HeuTpoHa. IloyeMy B CBsA3KE ¢ IPOTOHOM HEUTPOH HE pacmajgaercs Ha

IIPOTOH, AJEKTPOH U «AHTUHEUTPUHON»?

Ilouemy nBa HykiOHa B sape JledTepusi CTONb CUIBHO «IIPUKIEEHBD APYr K JIPYry U
HEWUTPOH, CBSI3aHHBIM B SIAPE C APYTMM HYKJIOHaM, YK€ HE pacnaJacTcs Ha IPOTOH,

AJIEKTPOH U AJIEKTPOHHOE «aHTUHEUTPUHON?

B Sp-cpene BO3MOXHBI TOJBKO CTATHUECKHE CHUJIOBbIE TPABUTALIMOHHBIE TMOJS U
JUHAMUYecKue (MIOTOKOBBIE) CUIIOBBIE AJIEKTPOMArHUTHBIE ToJis. JlJis, Tak Ha3bIBA€MBbIX,
AJIEPHBIX CHUJIOBBIX TIOJIeH HET Sp-cyOcTaHUMaIbHBIX OCHOBaHMM. ClegoBaTenbHO,
UCXOJIUTh HYXHO TOJIBKO U3 CTaTUYECKUX U JUHAMHUYECKUX CUJIOBBIX MOJeH B Sp-cpene.
Bo3MoxHO, TIpH CBepXMalbIX PACCTOSHUSAX HANPSKEHHOCTU 3THUX CUJIOBBIX IMOJIEH
HapacTalOT HE OOpaTHO KBAJpaTUYHO, a Ooyiee KPYTO C YMEHBUIEHHEM PaCCTOSHMS

BIINIOTH JO COIIPUKOCHOBCHHA TOPOB NCTHUHHO 3JICMCHTAPHLIX YaCTHII.

MOXHO MPEAIIOT0KNATD, YTO HEUTPOH <JIETUTCS» CBOUMHU KPAMHUMHU TOPOM-3JIEKTPOHOM
U TOPOM-«AHTHHEUTPHUHO» C COCEIHUM IPOTOHOM. B »TOM ciy4yae, JBOWHOW TOP:
ANEKTPOH C «AHTUHEHUTPUHO» Kak Obl OOBOJIAKMBAET JBa MPOTOHA (OJMH COCEIHUH, a
JIPYro cOOCTBEHHBIN), U JTBOMHOE MPUTSHKCHUE HE IMO3BOJISCT TOPY-3JICKTPOHY U TOPY-

<<aHTHHeﬁTpHHO)> BBICBO60)I(I[3TBC$I B UX CBO6OI[HI>I€ COCTOAHUA.

DT0 MoJ00HO B3aMMOJCICTBHUIO aTOMOB B MoJiekyne Bomopoma, korja CBsS3b MEXIY
aTOMaMH  OCYIIECTBIISIETCSI  «KOJJICKTHBHU3AIMEH» OOOUX JJIGKTPOHOB B  OJHY
HACBIIMCHHYIO JJIEKTPOHHYIO OO0OJIOYKY C JBYMS S-3JIEKTPOHAMH TMPOTHBOTIOJIOKHBIX

CIIMHOB, HO B TOPa3J0 MEHBIIUX (BHYTPUAIEPHBIX) 00béMax. COOTBETCTBEHHO M CHJIBI
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CUEIUICHHs] HECPaBHEHHO OoJibliMe, 4YeM MexXJay aroMamMu Bogopoga B Mousekyse

Bonopona.

[lo-BuanMOMY, TpU HYKJIOHA B SIApE yKe HE 00pa30BBIBAIOT CTAOMIBHON «OOBOJIOYKH:
(TOp-251eKTpOH)+(TOp-«aHTUHEUTPpUHO). OO0 H5TOM CBHUACTEIBCTBYIOT HECTAOWIBHOCTH
dapa TPUTUS U HUYTOXKHOE cojepkanue ['enus-3 mo cpaBHeHutro ¢ [ennem-4 B
npupoaroMm [emuu. SAnpo I'enusi-4 (o-vacTuia) ¥MeeT JBa MPOTOHA W JIBA HEHTPOHA.
Ckopee Bcero, OHM PAacMpeieNsilOTCs M0 JBYM BBIIICONUCAHHBIM CTAaOMJIBHBIM Mapam:
NPOTOH-HEUTPOH; HEUTPOH-MPOTOH. DTO MEPBOE, TaK HA3BIBAEMOE, ABAXKIbl MarmuecKkoe
a51po, oOnagarouiee MOBBIIIEHHOW YCTOWYMBOCTBIO. [lo-BUAMMOMY, TOBBILLIEHHE
YCTOMYMBOCTH CBSI3aHO C TEM, YTO TMapbl ¢ OOIIEH BHEIIHEH «0OBOJIOUKOW»: (TOp-
ANEKTPOH ) +(TOp-«aHTUHEHUTPUHO»)  paclojararoTcs He paaoM («wiamms»), a B
«CTONKY», OJUH HaJ JAPYTMM COOCHO M «BIPHUTHIK». B 3TOM ciiyyae mOTOKM BHYTpHU

TOPOB IApaJUJICIIbBHBI U OHH OUYCHbL CUIJIbBHO IPUTATHUBAIOT (CKJICI/IBaIOT) TOpBI ApPYI K

APYTY.

Ecnu 4 takue «CTONMKKW» pa3MelarTcs «IUIAMsI» U «KyOUuHO» OJM3KO APYT K IPYTy,
TO UMEEM  CIEAYIOIIee IBAXKIbl Marudeckoe SApo aToMa KHCIOpoJa — CaMoro
pacrpoCTpaHEHHOTO 3JIEMEHTa Ha 3eMJI€ U BO BCEX JIPYTUX CPABHUTEIBHO XOJIOAHBIX

HeOECHBIX TeNlaX U MbUIEBbIX YacTuilax B Kocmudeckom Sp-npocTpaHCcTBe.

Apychl 2JieMeHTOB M MaTepuu BO Bcesennou
BuyTpeHHee u BHElTHEE B OOBIIEHHOM CMBICIIE COBEPIICHHO SCHBIE MOHATHS. BOT apOys.
BayTpenHocth apOy3a COBEpIIEHHO IMOHATHA KaXJAOMY, OHAa CJIaJiKas, BOJASHUCTAs, C
ceMeukamu. BHeniHee Toe MOHSITHO — BO3/lyX, WJIM BOJIa, €CJIM apOy3 MOTPYXKEH B BOAY
s oxnaxaeHus. Bor 3emmsa. Tpomocdepa, ruapocdepa, mantus, sapo. BoHe —
Bo3ayIIHas atMocdepa u crpatocdepa, nanee nonochepa, Kocmoc. Bor Jlyna. JyHHbBI#H

IPYHT C KpatepaMu U ropamu, BoKpyr Kocmoc. A kak y snekTpoHa? 371ech HE BCE Tak
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ACHO KakK C TeJaMu, HeOecHbIMH Tenamu. Ecnm pasmepsl Tel MOXKHO H3MEPUTh, TO
pa3Mep J3JieKTpoHa He wu3MepuM. [lo mociaeaHMM JaHHBIM TIONEPEYHHUK 3JIEKTPOHA
onenuBaercs pemromerpamu (107° m). Ho sBnsieTcss nm 3T0 rpaHHMIEi >IEKTPOHA, MIIK
TOJIbKO TIIYOMHOW TEOPETHYECKOro «30HAUPOBAaHUS» 3nekTpoHa? [Ipeamnonoxkum, yTo
ATO - 3aMKHYTasl TPaHUIIA, «ITOBEPXHOCThY». TyT e BO3HUKAET BOMPOC, uTo (?) BHYTpU U
91O (?) BOBHE OT «ITOBEPXHOCTU» AJeKTpoHa? MI3BECTHO, UTO «HEMOABMXKHBINY IJIEKTPOH
NpOsIBIISIETCA B TA0OPATOPHOU CHCTEME OTCUETA DJIEKTPUUYECKUM TOJIEM, a «ITOJBUKHBIN
B OTOM e CHCTeME OTCYETa €lle M MarHUTHBIM I0JE€M, KOTOpbIe BO3JIEWCTBYIOT Ha
Jpyrue AJIEKTPOHBI M MPOTOHBI HAa MAKPOCKOMUYECKUX (Hampumep, oT 1 MM u OGomee)
paccTosiHUSIX. ['paBUTAllMOHHOE  MOJIE MCKIIOYaeM W3 PAcCMOTPEHHs, BBHUIY €ro
c1a00CTH Ha JIECATKHU MOPSIKOB MO0 CPABHEHUIO C DJIEKTPUUYECKUM U MATHUTHBIM TIOJISIMH.
Hano ckaszarh, 4TO Ha CEroJHAIIHUNA JI€Hb HHUYEro HE HM3BECTHO O BHYTPEHHOCTH
AJIEKTPOHA, a BHE DJIEKTPOHA CUUTAIOT: KTO «(PU3MYECKH BakKyym», KTO IIyCTOE
reoOMeTpUYecKoe TPEXMEPHOE MPOCTPAHCTBO, KTO dpup. «Du3nueckuit BaKyym» — HeKast
cpena, cocrosiiasi U3 BUPTYaJIbHBIX (HECYHIECTBYIOIIUX B PEATbHOCTH) dJIEMEHTAPHBIX
yactull B mycrore. 910 B CM anementapusix yactull. B CTO u OTO - mycroe
reOMETPUYECKOE TMPOCTPAHCTBO. B pasHbIXx Momensx sdupa — BHUXPHU, T'PABUTOHBI,
ANEKTPUYECKHE U MAarHUTHBIC AUMOIU U MOHOIIOJH, ..., HEKHE OCIMJUIATOPHI B IIYCTOTE.
Kak Bumgno, Besznme ¢urypupyer mycrota. Ho mycrota B mpenenbHOM CMBICIE — 3TO
OTCYTCTBHE 4Yero Obl TO HU ObLIO, Beero. Takoro oObekTa B mpupojae HET M OBITH HE
Moket. Hanbonee 6mu3ka Touka EBkiuga 6e3 Bcex peasibHbIX TpEX u3Mepenuid. U Touku
Eskmupa B Ilpupone Hert. Ilycrota — orcyrcTBHe, Touka — orcyrcTBue. Eciu A=C u
B=C, to A=B, t.e. myctora = Touka (Touka EBknmma). Takum oOpa3om, BHYTpHU
AJIEKTPOHA HEM3BECTHO UTO, M BOBHE JJIEKTPOHA TOXE Heu3BecTHO uto. Ho, Beap, «Hro-
TO» JIOJDKHO OBITH BHYTPH dJEKTpoHA. «HWUTO» BHYTpPH SIEKTpOHA HHKAK HE MOXKET
ObITh, MHAYE W DJIJIEKTpOHA HE OBUIO OBL. DNEKTpoH Bce-Taku «UTo-To», MpuU4EM
CTaOMJIBbHOE, BO3MOXHO, BEYHOE, €CJIIM HE CTAJIKUBAETCS C JAPYTHMMHU 3JIEMEHTApHBIMU

yactuuaMu. 1o «YTOo-TO» copepkaTh BHYTpHU cebsi, cOCTOATh U3 « Huuto» HEe MOXKeT HU
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B KoeM ciydae. U3 «Huuto» Moxker coctoaTs Tobko «Hu4uTo», HO HM B KOEM Ciiydae He
«Yto-To». OTClOa BBITEKAET, YTO B DJEKTPOHE JOJKHO ObITh «UTO-TO», YTO-TO
MaTepuajgbHOE, IyCTh, AOMATEpPHAIbHOE, NpaMaTEpPUAIbHOE, NEPBOMATEPUAIBHOE, C
0001 IPHUCTABKOM Mepes; KOPHEM «MaTepHaIbHOE», PEAIbHO CYIIECTBYIOIIEM B HAIllEM
TpExMepHOM Mupe.

A 4TO BOBHE 2JIEKTpPOHA? 1'OBOPAT, DIIEKTPUUYECKOE ITOJIE DJIEKTPOHA CYLIECTBYET U HA
6eckoHeuHocTH. He mokaszaHo, HO, «I1ycTh ToBOPSAT!» DaKT k€ B TOM, UTO 3JIEKTPOH U Ha
caMOM Jiefie B «(pU3MYECKOM BaKyyMe» B3aUMOJIEUCTBYET C APYIMM D3JIEKTPOHOM Ha
MAaKpOCKONMYECKUX PACCTOSHHUAX IO CPAaBHEHUIO C HUX «pa3mepom». Ecinu BOBHe
JNeKTpoHa mycTtoTa, «HuuTo», TO chpammBaercs, KakuM 00pa3oM  3JIEKTPOH
BO3JICMCTBYET HA pyrou anekTpoH dyepe3 Huuto? Hukakum. Yepes «Huuto» HE MOXKET
OCYLIECTBIIATHCS HUKAKOE B3aMMOJIEMCTBUE. 3HAYUT, U BHE JIEKTpOHA 3Toro « Huuro» He
MoxkeT ObITh. Ecnmu «Huuto» He MoxkeT ObITh, TOT/A, MOJDKHO OBITh €ro OTpUIIaHHE
(npotuBomnonoxHoe) — «Yrto-to». «YTo-TO» BHYTpH U «YUYTO-TO» BHE DOJIEKTPOHA.
Bo3HnukaeTr ouepeaHoil Bonpoc: 3T0 «UTO-TO» OJMHAKOBOE U BHYTPH, U BHE 3JIEKTPOHA?
KauecTBeHHO OMHAKOBOE, HO HE 00A3aTENILHO KOJWYECTBEHHO. Y KadecTBa «YTo-TOY,
BO3MOXHO, €CTh KOJIMYECTBEHHOE pasinueHue. Bo3pMéMm «UT0-TO», KOTOpOE BHE
AMeKTpoHa. IT0 «YUTO-TO» IKCIEpUMEHTANBbHO ((HDU3UYECKON, TEeXHUYECKH H3MEPUMOM
CHANPSHKEHHOCTBIO  3JIEKTPUUYECKOrO TMOJIs») IOKAa3bIBA€T, 4YTO OHO KOJIMYECTBEHHO
MEHSIETCSI C PACCTOSSHUEM OT «IIOBEPXHOCTH» JJIEKTPOHA, NPUYEM, COBEPIICHHO
ONPEENEHHO, 00paTHO-KBaJAPaTUIHO oT pacCTOsHUSL. CrnenoBarenpHo,
¢yHnameHTanpHOE  KauecTBO  «YTO-TO»  MEHSAETCS  KOHKPETHBIM  KOJIMYECTBOM
¢u3nyeckoll HANPSKEHHOCTH AJIEKTPUUYECKOTO MOJs 3JEKTpOHa OT BOOOpa)xkaemMoro
«Tella 3JEKTPOHA» JI0, BO3MOXKHO, OE€CKOHEYHOM Mayiol B OeckoHedHOcTH. OOpaTHO-
KBaJPATUYHO OT PACCTOSIHUSA H3MEHAETCS HAIpPSHKEHHOCTH AyeKTpuyeckoro mnossa. Ho
HaIpsHKEHHOCTh  JJIEKTPUYECKOIO TOJIA TOJBKO KOJIMYECTBEHHO MNPOSBISIET CYIIHOCTH
kadyectBa «YTO-TO» Ha pAaBHOYNAJIEHHBIX pACCTOSHMAX OT OJJEKTPOHA, T.€. Ha

KOHIIEHTPUYECKHX cepax COOTBETCTBYIOIIMX pagnyCcOB. [ToBepxHOCTH
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KOHIICHTpUUYECKUX cdep MpOoNopIUOHATIbHBI KBajJpaTtaMm paauycoB. [1o3ToMy MOHSTHO
yObIBaHUE HAMPSAKEHHOCTU DJIEKTPUYECKOr0 MO DJIEKTPOHA OOpaTHO-KBaJIpaTUYHO
pPAcCTOSIHHIO. OJTO YHUCTO KOJMYECTBEHHOE pacnpeneneHue (U3N4ecKol BETHYMHbI
(XapakTepUCTUKH) HANPsHKEHHOCTH AJIEKTPUUYECKOro ToJig. Takoe pacmpenesieHue
€CTECTBEHHO B TPEXMEPHON OJHOPOJHOW H30TpomHOM cpene. CienoBaTenbHO, cama
(¢yHIaMeHTanbHas CYIIHOCTh «Cpela» OJAHOPOJHA W H30TPOMHA, a paclpejesieHue
bu3UYeCKON XapaKTePUCTUKU HAMPSHKEHHOCTH JIEKTPUUECKOTO TOJIS JIEKTPOHA HE UTO
WHOE, KaK T[IOBEPXHOCTHAs «IJIOTHOCTH» JAPYro (U3HMYECKOW CYHNIHOCTH —
AIEKTPUYECKOTO 3apsia AIeKTpoHa. Tak, 4To ke Takoe «UTo-TO» BHYTPH AJIEKTPOHA U
«YTo-TO» BHE 3neKkTpoHa? UTOOBI paccykaaTh O «BHYTPH» U «BHE» DIIEKTPOHA, HYXHO
3HATh pazmep, popmy 31eKTpoHa. A C HUMU COBEpIICHHEHIIas HeonpeaeEéHHOCTh. Eciu
K TOCIEHUM OIICHKaM pa3Mepa dJeKTpoHa B (EeMTOMETpaxX, BCIIOMHUTH OOPOBCKHI
paauyc, U elie BHEITHUE JIEKTPOHBI B PUaOEproBckoM aTtoMe, TO MOIydaeTcsl Tuamna3oH
mupuHoil 6onee 11 mopsigkoB oT (amtomerpa n0 MukpoHa. O Kakoil onpenenéHHOU
dopMe U pasmepax 3JIEKTPOHA MOXKHO TOBOPUTh B TaKUX YcHoBuUsAX? OmnpenenéHHON
MOBEPXHOCTH paszfieia MEXIY «BHYTPb» M «BHE» 3JEKTpOHa (hakTUUeCKH HEeT. MOKHO
TOBOPUTh JIUIIL 00 W3MEHEHUU (PUINYECKON XapaKTEPUCTHKHA TOBEPXHOCTHOU
TUIOTHOCTH (PU3WYECKON CYIIHOCTH DJIEKTPUUYECKOTO 3aps/ia OT «IEHTpa SJIEKTPOHA.
Hanpsk€HHOCTh  3JIEKTPUYECKOrO TMOJS  OKa3bIBAETCS CTPOr0 MPONOPLUUOHATBHON
«IOBEPXHOCTHOM TNIOTHOCTH» APYTOM (PU3UIECKON CYIITHOCTH — 3JIECKTPUUYECKOTO 3apsijia.
3aKoHOMEpHOE K€  yObIBaHHME  HANPSKEHHOCTU  BJIEKTPUUECKOTO  TMOJs  Ha
KOHIIEHTPUYECKUX cdepax yKa3plBaeT Ha OJHOPOJHYIO HM30TPOIHYIO  Cpemy.
CrnenoBaTenbHO, «BHYTPH» U BO «BHE» DJIEKTpOHA OJHA M Ta e (pyHIaMEHTajIbHas
CYIIIHOCTh — IIpaMarepuaibHasl HENpepbIBHAs cpeaa, U «UTo-TO» «BHYTPHU» U BO «BHE»
2JIGKTPOHA OJHOW MpUpoAbl. D10 «HUTto-To» — Sp wim Oosee obmo Spti (Dcruraii).
PaccMOTpeHHBIM YacTHBIM Ciydail «BHYTPU» U «BHE» JIOJKEH OBITh PacpoOCTpaHEH Ha
Bclo Bcenennyto. [lotomy dro mpobriemMa «BHYTpU» U «BHE» 3aTparuBaeT BCIO

Bcenennyto. TpaauuumoHHO (TPUBBIYHO) TOA MaTepueld MOHUMAIOT JIUCKPETHBIE
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MaTepuaibHble OOBEKThI: PJIEMEHTAPHBIE YACTHUIIbI, HYKJIOHBI, aTOMbI, MOJIEKYJIbI, Tela,
HeOecHble Tena. Tpanunus (MpuUBbIYKA) ObLIa 3aji0KeHa eIl€ B aHTUYHbICE BPEMEHA C
MOHSATHEM HEBUJIUMBIX HEJEIUMBIX (YaCTHII), JBIKYIIUXCS B myctoTe. HaspiBanu »Tu
HEJICJIMMbIE YacTUIbI aToMamu, amepamu. Koraa otkpsuin HeBunumble Kucnopon,
Bonopon, A30T, ux ¢ BOOAYIIEBICHUEM MNPUHSIN 3a Henenumble atombl. Ho k 40-m
rojiaM MpoUUIOro BEKa YCTAHOBWIM, YTO MOJIEKYJIbI COCTOSIT U3 aTOMOB, @ aTOMbI COCTOSIT
U3 TPOTOHOB, HEUTPOHOB, 3JIEKTPOHOB. Ha CEromHsAIIHUI [€Hb OTKPBUIM YXKE COTHH
«QJIEMEHTApHBIX» dYacTull. CUMTalOT, 4YTO HEUTPOH, MPOTOH W JPYTHE MAaCCHUBHBIC
AJIEMEHTApHBIE YAaCTHUIBI COCTOSIT M3 KBApKOB, KOTOPHIX 3a 00Jiee 4YeM IMOJYBEKOBYIO
UCTOPUIO MX TEOPETHYECKOrO0 BBEACHUS TaK W HE OOHAPYXKWIM HKCIEPUMEHTATBHO.
MOXHO TOBOPUTb, YTO DJICKTPOH SBJSETCS HCTUHHO OJJIEMEHTApHOW CTaOWUIBLHOU
gacTtulleld. 3a 0osiee 4eM CTOJICTHIOIO UCTOPUIO €0 MHTEHCUBHBIX IKCIIEPUMEHTATBHBIX
UCCJICIOBAaHUN, TEXHUYCCKUX U MPOU3BOJICTBEHHBIX TPUMEHEHHUI TaK U HE OOHAPYKUIU
«COCTABJISIOIIMX dJEKTpoHa». TakuMm oOpa3oM, MAHMCKpPETHas MaccoBas Marepus
Bcenennoil, MOXHO TOBOPUTH, HAUMHAETCS CO CTAOMJIBHBIX DJIEKTPOHA, MO3UTPOHA U
COOTBETCTBYIOIIMX HEUTPUHO. YPOBHEH WM SIPYCOB OUCKPETHOM MAaTEPHUH JIOBOJBHO
MHOTO: aTOMbI, MOJIEKYJIbI, KPUCTAJIbI, HAHOYACTHUI[bI, MUKPOUYACTHUIIbI, TeJla, HEOECHBIE
T€Ja, 3BE3IHbIC CHUCTEMBI, TaJlaKTUKH, TaJaKTUYECKUE CHUCTEMBbI, CKOIUICHUS WU
KJIacTepbl TaNaKTUK, ... . OTH (akTHdeckue 3HaHMs O BceneHHONl 3aKOHOMEPHO
HOPOXKAAIOT TPaAULIMIO (IPUBBIYKY) MBIIUIEHUS O MHOTOSIpyCHOCTH BceneHHoO#, naxe
OECKOHEYHO-SIPYCHOCTH Bcenennoi, BJIOKEHHOCTH SPYCOB, OECKOHEYHO-
MaTpéuredHoct BceneHHoil. B 3ToM Tpaauiud MBINUIEHHS, KOHEYHO, €CTh CMBICIH,
OYEBUAHBIA W3 SIPYCHOCTH BCEIEHHOM OT HEUTPHUHO [0 CKOIUIEHHH ramakTuk. Ho
ACTPAINosALMUsA  SPYCHOCTH HAa  YPOBHM  HMXKE  HEUTPUHO HE  HMEET HU
AKCIIEPUMEHTATBFHOTO, HHU HaAOMIOAaTeNbHOTO OcHOBaHWs. [losTomy pasymHO Oymer
OTpaHWYUTH (MOJaraeM, Ha TpAAyIIHe OJMKHUE CTOJIETHS, IO MEHBIICH Mepe)
«vaTp€uiky BceneHHOW» mnOpenenbHO HWXKHUM sSIpycoM — OcnuTaiieM. Ocnutai

a0COIIOTHO HCPA3PBIBCH, U, KaK CJIICACTBHUC, a0COJIFOTHO HCIIPCPBIBCH, YTO O3HAYACT €TI0
180



OECKOHEYHOCTh W BEYHOCTh, & TaKKe OeCCTPYKTYpHOCTb. PacmpocTpaHeHO MHEHUE
(Tpaguius, TPUBBIYKA CO3HAHUA) O TOM, YTO TAaKUMHU TIOHATHSIMH (CBOWCTBaMH,
XapKTepUCTUKAMU MaTepUH) KaK: DJHEPrus, HWMITYJIbC, MOMEHT HWMITyJbCa, CHJa
XapaKTepU3YIOTCS  TOJNBKO JIBIDKYIIMECS JHCKPETHBIE MaTepuajbHble OOBEKTHI,
oOnanatone maccoil. M3 Takoil TpaauLMKM MBILUJIEHUS CIEAYET, YTO HEMOABMXKHBIN
HEeMpephIBHBIN DcnuTail, He 00JaJaloIMMil MacCoH, JHUIIEH BCEX BBIMICTICPEUNCICHHBIX
(GU3HUECKHX CBOMCTB (XapakTEPUCTHK). OCHUTAll HEpPa3pbIBEH M HENPEPBIBEH 110
onpenenenuto. OmnpenerneHrue OCHOBBIBAIOCh HAa TOUYKE 3PEHHSI O HEPa3pbIBHOCTU U
HENPEPHIBHOCTH OJHOPOJHOIO H30TPOIHOI0 MPOCTPAHCTBA, KOTOpas yCTOsAJach B
opunmanpHOl Hayke. A Sp (Space) u ecTh MPOCTPAHCTBO — €CTECTBEHHBIM DJIEMEHT
Bcenennoit. HepaspblBHOCTH SP  03Ha4yaeT NPOYHOCTh, BO3MOXKHO, OECKOHEUHYIO
NPOYHOCTh CBSI3€M MeXAy JIOOBIMH OECKOHEYHO MallbIMU 3JIeMEHTaMu 00bEMa ero.
CBsI31 Ke MPUHATO XapaKTEPU30BaTh SHEPTUSIMH U CHIIAMH CBsi3eil. MIMIyIbc M1 MOMEHT
UMITyJIbCa HMMEIOT TOJIBKO JIBMDKYIIIMECS MaccOBble dYacTHilbl U Tena. [loatomy B
«YUCTOM)» HETMOABUKHOM SP TaKMX CBOWCTB (XapaKTepUCTUK), KOHe4YHO, HeT. Ho
«4ucTOro)» SpP mpakTudyecku HeT. [loToMy 4YTO B JIUTpE KOCMUYECKOTO MPOCTPAHCTBA,
CUMTAIOT, CTATUCTUYECKH M JIMHAMHYECKH COACPXKUTCS OKOJO OIHOTO MHIIMOHA
HEUTpUHO U (OTOHOB, MABWXKYIIMXCS TIO BceM HampaBieHusM. OHu o0najaroT
UMITyJIbCAMH U CIIMHAMH, T.€. MOMEHTaMHU UMIYJIbCOB. Takum 006pa3om, B peaabHOM (HE
9UCTOM, aOCTpakTHOM) SP HMeEeTCS HEKOTOPBIM Ha0Op CBOMCTB (XapaKTEPHCTHK)
marepun. CremyeT oOpaTHTh BHHMaHHWE Ha TO, YTO TOJHBIA HEOOXOAMMBIA HaOOp
CBOMCTB (XapaKTepUCTUK) UMEETCS UMEHHO «B», T.e. «BHyTpw» SP. Ilonsartus «BHEe» Sp
MOTPOCTY HET, MOTOMY YTO aOCOJIOTHASI HEMIPEPHIBHOCTh SP UCKITIOYACT HAIUYUE «BHEY
Sp. Sp wim OcrnuTtait 6€CKOHEYHOBEUEH, U HET HUYETO BHE ATOW OECKOHEUHOBEYHOCTH.
B3rusin co croponbl (M3 «BHE») HeBo3MOkeH. Ha OeckoHeuHyio U BeuHylo BcenenHyro
HEBO3MOXHO B3TJISTHYTh M3 «BHE» BCENEHHOMN, MOTOMY YTO Ty/la HEBO3MOKHO TOIMACTh.
Hepa3psiBHBIA, a0COIOTHO HETIPEPHIBHBIN DCTIUTAN U €CTh cama Beenennas ¢ purypamu

(bopmamu) BO3OYXKICHHS «YHUCTOrO» SP B SJEMEHTAPHBIX YAaCTHIAX, HYKJIOHAX U3
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JJIEMEHTApPHBIX YaCTULl, aTOMaxX U3 DJIEMEHTAPHBIX YAaCTHUIl U HYKJIOHOB, MOJEKYJIaX W3
aTOMOB, HAHOYACTHIIAX U3 ATOMOB U MOJIEKYJI, TEIaX U3 HAHOYACTHUL], HEOECHBIX TeJlaxX U3
TE€J, CUCTEM HEOECHBIX Tel U3 HeOEeCHBIX Tesl. Beskuil ypoBeHb, spyc MaT€pUU COCTOUT
n3 Yero-1o «BHyTpEHHETO» U U3 Yero-To «BHELIHEr0», pa3Aci€HHOr0 IPaHuLIed, HEKOEH
IIOBEPXHOCTBIO B TpEXMEpHOM Mupe. MOXHO TOBOPUTH, YTO KaXXIbId SPYC HMEET
HUKHIOIO ¥ BEPXHIOIO TpaHully. OTCYTCTBHUE K€ Y SP «BHEIIHET0» OT HECYLIECTBYIOLIEH
«BEpXHEH TpaHULB» U BCETO TOTO, YTO MOXET OBITh OT HEE BO «BHE», a TaKXKe
OTCYTCTBUE «HW)XHEH TpaHMIIBD» BCJIEACTBUE €ro aOCONIOTHOW HENpPephIBHOCTH,

ONpCACIIICT €TO KaK MHHHMaJ’IBHBIﬁ, HyHeBOﬁ Apyc.

0. Sp — HmxHUN Tipeaen spycHoctd Bceenennoit. B 3ToM HMXHENpeaeabHOM, MOKHO
TOBOPUTH, AOCOJIIOTHOM  SIpyce€ MMEKTCS BHYTPEHHHE HEpa3phbIBHBIC  CBSI3H,
XapaKTepu3yeMble, BO3MOKHO M JaXke, CKOpee BCEro, OECKOHEYHOU CUJIOW U dHEeprueu
(abcomoTHOM CUJIOM M aOCOIOTHOW JHEpPrueu), u JABWKEHHE (HOTOHOB U HEHUTPUHO C
a0COJIOTHOM CKOpPOCTBIO CBETa B BakyyMe (aOconroTHoe nBUKeHue). [[BukeHue, Tem
Oomnee, aOCOJIOTHOE [BWKEHUE O00JIalaeT HMMITYJICOM U CIHHOM, T.€. MOMEHTOM
umnynbca. Takum 00pa3oM, HIDKHEINPEAENIbHBIN spyc o00yialaeT MOJHBIM HaOOpOM

OCHOBHBIX (DPU3MYECKUX CBOUCTB (XapaKTEPUCTHK).

1. Tlocne wHymeBoro spyca, OYEBHIHO, NOJDKEH IociedoBaTh 1-blif spyc. Uto coboit
MpEACTaBIsAeT TeEpBbI spyc wmatepun? JIUCKpeTHbIE MaTepuaibHble OOBEKTHI,
JIBUKYIIUECS C OTHOCUTEIBHOW CKOPOCTHIO, MEHBIIEH a0COJIIIOTHOM CKOPOCTH CBETa B
Bakyyme. [lepBbiMH TakuMu 0O0BbEeKTaMHu 1-TO sipyca SBISIOTCS WCTUHHBIE CTaOWUIIBbHBIC
AJIEMEHTapHbIE YACTHIlBl, OOJaJarouMe Maccod. DTO — HEUTPUHO, 3JIEKTPOHBI H

TTO3UTPOHBI.

2. Hyk/iOHBI HE SBISIFOTCS WCTUHHO JJIEMEHTapHBIMU (HEIETMMBIMHU) YacTUIAMU, a

COCTaBHBIMH, TOJIBKO HC M3 TCOPCTHYCCKHX KBAPKOB, a4 M3 IIO3UTPOHOB, 3JICKTPOHOB,
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JIOKAJU30BaHHBIX HEUTPUHO M AHTUHEUTpUHO. HyKIOHBI MOXHO CUYHTAaTh BTOPBIM

ApPyCcOM MaTepuaibHOU BeeneHHon.

3. CrabuibHble MNPOTOHBI M HECTAOWIbHBIE HEUTPOHBI O0pa3yrOT CTAaOMIBHBIE Sapa

I'enusa. IX MOXHO cUuTaTh TPETHUM IPYCOM MaTepUalbHON BceneHHOM.

4. CraOuibHbBIE SJICKTPOHLBI " CTaOMJIbHBIE sapa aToOMOB O6p3,3yI-OT CTaOMJIbHBIE aTOMBI,

KOTOPBIE MOXHO CUMTATh YETBEPTHIM SIPYCOM MaTepUaIbHOU BceneHHOM.
5. ATOMBI COEAMHSIIOTCS BO BCEBO3MOXKHBIE CTAOMIIbHBIE MOJEKYJbl, amMop(HbIE U
KPUCTAJUIMYECKHE  HAHOYACTHULBI, KOTOPHIE MOXHO CYUTaTh MSATBIM  SPYyCOM

MarepuanbHoi BceneHnou.

6. HaHO‘{aCTI/IIIBI COCIUHAIOTCA B (1)I/I3I/ILICCKI/I€ MAaKpOCKOIIMYCCKHUEC TCJId, COCTABJIATOIINC

IECTOM sIpyC MaTepHuaibHON BcereHHOoM.

7. dusznueckue Tea 06T)CILHH}II-OTCSI B HeOeCHBIE TCJIa, COCTABJIAIOIIUC CGI[LMOﬁ ApycC

MaTtepualibHOM Bcenennoi.

8. HebOecHrble Tena 00BEIUHSIOTCS B CUCTEMBI HEOECHBIX TEJI, COCTABIISIONINE BOCHMOM

Apyc MaTepuajgbHO BeeneHHou.

Takum oOpa3om, BMeCTe ¢ HYJIEBBIM SpycOM MarepuanbHas Bcenennas coctout u3 9-tu

SPYCOB
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Yacts V. Hauvana Dcnusrorun

IpenucnoBue k Yactu 1V

Pacmupenune marematnueckoi CHCTEMBI XMMHUYECKHX 3JIEMEHTOB /10 MaTeMaTUYECKOU
CucTemMbl €CTECTBEHHBIX 3JIEMEHTOB BceneHHOH, 3aTparuBaroiiee OCHOBbI MUpO31aHus,
HE MOXET ObITh OOOWIEHO €CTECTBEHHOHAY4YHbIM ((uiocodckum) obobmieHuem. B
3TOM pa3Jielie MPEACTABISAIOTCS ONPEACIICHUS, TPUHIIUIIBI, TTIOCTYJIAThl U aKCHOMBI HayaJl
BO33PEHUS, CBSI3aHHBIX ¢ 0000IIeHMEM MaTeMaTudeckoi YpoBHeBOHW Cucremsl
XUMHUYECKHX DJIEMEHTOB JO MaTreMaThu4yeckoll YpoBHEBOM CHCTEMBI €CTECTBEHHBIX

3JIEMEHTOB BCelleHHOMN.

Onpenesienne
Sp-norusi 03HayaeT BO33peHUE, CBA3aHHOE ¢ dyieMeHTOM SpP. Has3Banme sToro snemeHra
Cnoaticess ot cinoBa Space — IIpoctpanctBo (Kocmoc). «Bcé» o3Hauaer OecKOHEUHOE
MHOYKECTBO TIPOM3BOJIBHBIX 3JIEMEHTOB (U3UYECKOT0 00BEMA HEMPEPHIBHOW CYOCTAHIINU
Bcenennoit, a «Bo Bcém» — 1 B HeNpepbIBHOW CYOCTaHIIMM, U BO BCEM MHOT000pazuu
MHOYKECTB JUCKPETHBIX MaTePUATBHBIX OOBEKTOB BCeneHHOM: 3IeMEeHTapHBIX YacTHII,

aTOMOB, MOJICKYJI, TeJl, HEOSCHBIX TEll.

Hpunnunsl Havyan Icnuiiornu
1. Ipunyun Eouncmea Bcenennoii: Bcto Beenennyro (u HenpepsiBHOE [IpocTpaHCcTBO,
n BC€ MHOroo0Opa3ue IUCKPETHBIX MAaTEpUaJIbHBIX OOBEKTOB) COCTABISAET €IUHAS
HempepbiBHAsE cyOcTtaHus — SP oanemeHT CHCTEMBI €CTECTBEHHBIX JJIEMEHTOB

Bcenennoii.

2. Ipunyun dvimus-HeObImMusi: MaTEPUHN — ObITh, HEMATEPUU — HE OBITh.

3. Ilpunyun 6vimus 6bimus: aOCOMIOTHOE ABUKEHUE OT «a0COIIOTHOW MaTepuu — OBITHY»

K «HEMAaTepHUH — HE OBIThHY.
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4. Ilpunyun yenmpuszma gusuueckux noaei 6o Beenennou:
CnBurossle aepopManii B aOCONIOTHON Cpelie 3aMKHYThI M MOJISI HANPSHKEHHOCTENH OT

TaKUX JAePpopMaluii — HEHTPAJIbHBIE.

5. Ilpunyun coxpanenus Sp 3nementa CHUCTEMbI €CTECTBEHHBIX AJIEMEHTOB BceneHHOM.

6. [llpunyun coxpanenus abconomHo2o 08UNCEHUS.

[. Ilpunyun enobanvHocmu abconoOmMHO20 83aUMOOEUCBUS

aOCONOMHBIM OBUINICEHUEM.

Iocryaarsl Havwan Icnunoruu

1. Ilpocmpancmeo Bcenennoti npedocmasnsem coOoUt CHIOWHYIO  (Hepa3pbléHYIO,
HenpepvisHyio) SP-cpedy u3 Sp-onemenma — 0e3MACCOB020 IIEKMPOHEUMPATbHOO
OeCKOHeuH020 MPEXMEPHO20 00BEMA-NPOCMPAHCIEA.

2. B abconromnoii Sp-cpede nego3modicHvl nocmynamenbHble 0BUNCEHUSL INEMEHMO8

06véma. Bozmooicnvr monvko 3AMKHYmble cosu2U He eedymue K 0ObEMHBIM UBMEHEHUSIM.

3. 3amknymeie cosueosvie ynpyeue deghopmayuu abCcoromuol mamepuu (cyocmanyuu)
Sp-cpedvr  cozdarom  nmons U GOAHBI  YNPYeUX  COBUROBLIX  HANPANXCEHHOCMEL,

PACRPOCMPAHAIOWUECS C AOCOTIOMHOU CKOPOCMbIO 8 abcotomHou SP-cpede Beenennoii.
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AKCHOMBI HAYAJ DCNMIOruM ( 00bEKThI U KX COOTHOIIEHMSI)

1. Bcé - HepaspvieHoe HenpepvlgHOe OecKOHeyHoe mpéxmephoe (usuyeckoe
IIpocmpancmeo Bcenennou (Sp anemenm Cucmemvl ecmecmeeHHbIX 1eMEeHMO8

Bcenennoii.), asnaoweecs abconromuou mamepuet, cyocmanyueti

2. 60 Bcém — 6 Ilpocmpancmee, 6 s1emMeHMapHuIX Yyacmuyax, A0pax amomos, amomax,

MoneKyiax, mejiax, HebeCHbIX meax.

3. Bcé seszoe ecezoa 60 Beém.

IMosicHenus NPUHIMIIOB HAYAJ 3CITWIOIUH

Mpunuun Equncrea Beesiennoit

Horankn o EnuHCcTBE BCenmeHHOW HCXOOSIT W3 CIEKTPOCKONMHUYECKONM HMAECHTUYHOCTHU
XUMHUYECKHUX 3JIEMEHTOB BO BCEW ONTUYECKHU JOCTYITHOM yacTu BeenenHnou. [lockonbky
HET TEJICCKOMNYECKH HA0II0JaeMbIX (DaKTOB OTKJIIOHEHHUH OT UJEHTUYHOCTH

XUMUYECKUX JJIEMEHTOB B OYEHbh M OYCHb OOJBIIUX MpocTopax BceneHHOMH,
npennosioxkenue EnuHcTBa BeelleHHONW MOXXHO NEpPEeBECTH B paHr NMpUHIMIA EnxuHcTBa
Bcenennoii. Ho 310 10 cux mop Kacajochk TOJNIBKO JUCKPETHBIX MaTepUAIbHBIX 00OBEKTOB,
OT DJIEMEHTAapHBIX YaCTHUI[ JO0 XHMHYECKHX DJJEMEHTOB HeOecHbIX Tein. OpHako,
MMOCKOJIBLKY B COOTBETCTBHHM ¢ Hadamamu Dcmmioruu peaabHBIMH OOBEKTaAMU SIBIISIOTCS
HE TOJIPKO JUCKPETHBIE MaTepHajbHble OOBEKTHl, HO M €CTECTBEHHBIH AJIEMEHT SpP
Bcenennou, o npunuun EnnHcTBa BCEneHHOW NOMMKEH OXBAaThIBATH BCIO BceeneHHYIO
BMecTe C e€ (U3MYECKUM MPOCTPAaHCTBOM — SpP-cpedoi. B Takom ciaydae, B OCHOBE
npuHnuna EnudcTtBa BceeneHHONW JOMKHO JIekaThb HE TOJBKO  OJHOOOpasue
(MAEHTUYHOCTH) DJEMEHTAPHBIX YACTHI[ M XUMHYECKHX JJIEMEHTOB, a HEKOE €JIUHOE

O6IHCC N B INPOCTPAHCTBC, U B JJICMCHTAPHLIX YaCTHIAX, U B XUMHWUYCCKHUX JJICMCHTAX,
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TeNnax, HeOECHBIX TeJlaX. JTO HEKOE €MHOE — CyOCTaHLMsA, IpaMaTepus SP U3 KOTOPOH
COCTOMT W HEINPEPHIBHOE MPOCTPAHCTBO, U JUCKpPETHass Marepus. Takylo CyOCTaHIHUIO

MOXHO Ha3bIBaTh aOCOJIOTHOU MaTepUei.

HpuHuun ObITHS-HEOBITUA
WJIY IPUHITUIT CYIIECTBOBAHUA-HECYIIECTBOBAHUSI UMEET HEMOCPEACTBEHHOE OTHOIIEHHE
k npuHnuny: «l[Ipupoaa He TEPOUT MyCTOTHI», CHOPMYIUPOBAHHOMY €11E APHUCTOTEIIEM.
ApucroteneB npuHiumn: «[lpupoma He TEPHUT MYCTOTHI» OTPaKACT MPUHIMM OBITHSA-
HEOBITHS: MaTrepuu — ObITh, HEMAaTepUH — HE ObITh, NPUUEM, B YTOUHEHHOU

dbopMynUpOBKe: aOCOIIOTHON MaTepuu — ObITh, HEMATEPUHU — HE OBITh.

Hpuaumun ObITHS OLITHS
03HayaeT peajgbHOE MposBiIcHUE (0OHApYKEHKE) ObITUS MaTepuu. [[1s1 XUIIHUKA, eclu
MOTEHIIUANIbHAS KePTBa HUKAK HE MPOSBISET cebs, To e€ g Hero Het. [loTeHnuanbHas
KEPTBA MOXKET MPOSIBIATH CeOs IBHKEHHUEM, HE TOJILKO BCEM TEJIOM WJIM YacTsSMHU TeJa,
HO M BHYTPEHHUMH JABWXKeHHsMU. Hampumep, pabora e€ cepaua obecrieunBaet
KPOBOTOK, TMOJJIEpXKAHUE TEMIEPaTyphl, MPOSBIsieMOoe B HHGPPaKpacHOM JHara3oHe.
XWIIHUK  yJIaBIMBAaeT TEIUIO TOTECHIIMAILHON »KEPTBHI M €M He H30eXaTh y4acTH
peaabHOM JOOBIYM XUIIHHUKA.
Marepus cymiectByeT. Itoro Mano. OHa JOJKHA IPOSIBUTH CBOE cylllecTBOBaHUE. Ecnu
OHA HE MPOSBIIET CBOE CYLIECTBOBAHUE, TO TO PABHOCWIBHO €€ HECYLIECTBOBAHUIO. 10
K€ caMoe M O HEeCylleCTBOBaHMM Hemarepuu. Eciam oHa, Hemarepus, HE NPOSBIAECT
CBOET0 HECYIIECTBOBAHUS, TO 3TO PABHOCUIIBHO €€ CYIIECTBOBAHUIO. TaKXe U MaTtepusl.
OHa TOrjga TOJBKO Marepus, T.€. CYUIECTBYET, KOT/Ia MPOSIBISET CBOE CYIIECTBOBAHUE
nBukeHrneM. COOTBETCTBEHHO, M HEMaTepHusi HE CYHIECTBYET, KOrja MpOSIBISET CBOE

HCCYHICCTBOBAHUC, IBUXKCHHCM.
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Ecnu Obl peub 1112 0 MaTepuu, TO MOKHO ObLIO ObI TOBOPUTH O €€ nBukeHnu. Ho, korga
peub UIET 00 aOCOIIOTHON MaTEPHUH, TO, JIOTUYHO TOBOPUTH 00 a0COIIOTHOM JABUKEHHUU.
Takum 00pa3oM, TPUHIMUM ObITHS OBITHSA:

AOGCOI0THOE ABUKEHUE OT a0COIIOTHOM MaTEpPUH — ObITh K HEMATepUU — HE ObITh.
Hemarepun Hurge Bo Beenennoit Het. Ho, 4ToObI IPOSCHUTE CyMMapHOE YTBEPIKICHHUE,
MIPEANOI0KUM, YTO B HEKOTOPOH 00JIacTH UMEETCs ONpeeEHHbIA reOMeTPUUECKU KyO
HemaTepuu. M mycTh, CMEXKHO cIpaBa OT He€ UMEETCs TaKOM e BEeIMYUHbI (PU3NUEeCKUN
KyO abcomtoTHOM Matepuu. AOCOTIOTHOE JBM)KEHHUE aOCOJIFOTHOM MaTepuu, |
a0COJIOTHOE JBUKEHUE HEMATEPHUH O3HAYAIOT TaKWE JBUKEHUS, B pe3yibTaTe KOTOPBIX
OCTaércs TOJNBKO (PU3NYECKU KYyO, T.. U3 JABYX CMEXHBIX KyOOB MOIYYWICS OJUH KYO.
Hemarepusi ucuesna, a o0bEM aOCOMOTHOW MaTepuu 3aMEHUJI BECh IEPBOHAYAIBHO
nBoiHON 00bEM. [lycTh, KOHEUHOE MOJOKEHHE (PU3NUYECKOro KyOa 0Ka3ajoch CIIBUHYTO
Ha TIOJIOBUHY CTOpOHBI KyOa BieBo. Ho uyrto mpuBeno k stomy? Kakas npuumna
neukeHnii? Kakue cunpl? Beskoe ABUKEHUE MaTEpUAIbHBIX TENl, KPOME UX JBUKECHUS
0 WHEPIIMH, BBI3bIBAETCSA Kakou-mmbo cwioi. Ho 3mech He MmaTepuanbHOE Teno, a
abcomioTHasE MaTepus, HE HMEIoIas Macchl, a MOTOMY He 00jaaarolias CBOHCTBOM
uHepuuu. CrenoBaTeNbHO, J0JKHA ObITh cuia. MoxeT ObITh, yrpyras cuia? A oTkyna
ynpyras cuia? OTBeT: OT ynpyroctu Sp-cpenbl. Ho 310 He maéT yaoBIeTBOPUTEIHLHOTO
orBeTa. [loTOMy 4TO TyT %€ BO3HMKAET BOMPOC: MOYEMY YHPYTOCTh TOJKHA MOPOXKAATH
Kakyto-To cuily? EcTh Takas cuia, KOTOpash BO3BpalllaeT TEJIO B MEPBOHAYAIBHOE
MOJIO’KEHUE TOCIIE CHATUS Ae(POPMUPYIOIIETO BO3AEUCTBUS (CHIIBI). YIIPYroCTh CBsI3aHa
C YOPYTMMHU CWIaMH. DTO TaK, 3TO NPHUHSIIA I YOPYTMX MAacCHBHBIX TeNl, U TOJIBKO.
3ameTuM, IS MaccoBor Mmarepuu. J[ims 6e3MaccoBoil aOCONIOTHOM MaTepuM O TaKOM
HUKaK HE MOIJIM U MOAyMaTh, OCKOJIBbKY HE OBLIO U MOHATHS 6€3MaccoBOil abCONMIOTHOMN
Marepuu. [ToueMy nosiBisieTcst BO3Bpalliaonas cuiia B abcoaoTHoOM cpee?

B oOmem cmyyae, Bcsikas CHJIa MOMKET TMPOSIBIATECA W BBIPAXATHCA T'PATUCHTOM
HEKOTOPOro MOTeHIMana (MOTeHLIHaNbHON 3Hepruu). B ciyuae marepuu, Oojiee TOTO

a0OCOJIIOTHOM MaTepuu, TaKOW TMOTEHIMad OOYCIOBIMBACTCA MPUHIUIIOM OBITHS-
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HEOBITHSI: a0COJNIIOTHOM MaTepuu — ObITh, HeMaTepun — He ObITb. Takum oOpazowm,
MOTEHIMan  ObITUS  (CYIIECTBOBAaHUS)  SIBASIETCA  NPUYMHOW  BO3HUKHOBEHUS
BO3Bpalarome (ynpyroi) cuibl B aOCOMIOTHOM Sp-cpene. Ympyrue CHilbl CyTh
IpaJueHThl TOTEHIMala CYHIECTBOBAHHUS, BBITEKAIOWEro M3 (yHAAMEHTAIBHOIO
OpUHIMNA  ObITHS-HEObITUSA. bbITh W He ObITb, MaTepusi U HemaTepus —
AHTUCUMMETPUYHBIC KAaTETOPUH, CYIIHOCTU. JIOTMUHO B MPOJOJDKEHHE  ATUX
AHTUCUMMETPHUI paccMaTpUBaTh AHTUCUMMETPUYHBIN MMOTEHIMA HECYIIECTBOBAHUS C
IPaIMEHTOM 3TOr0 aHTUNOTeHIUana. OTIWYue auTUKATErOPUM OT KaTeropuid MOXKHO
BBIpAXXaTh MIPOTUBOIOJIOKHOCTHIO 3HAKOB — MUHYC U TUTIOC (- U +). Toraa noreHuans u
AQHTUTIOTEHIIUAJIBI, UX TPAJAUCHTHI, a0COTIOTHO CYMMUPYSICh, JAIOT ABONHBIC MTOTEHIIUAJIBI
U UX TpaaveHThl. JIBOWHOW TpaaueHT IMOTEHIUajla CYIIECTBOBAHHUS COOCTBEHHO U
SIBJISIETCS. TIPUYMHON M MCTOYHHUKOM YINPYTUX CHJI B aOCONIOTHOM Sp-cpese. ITH CHUIIBI
SIBJISIIOTCSI IPUYMHOW M UCTOYHUKOM a0COIOTHOTO JBIDKCHHSI aOCOJIFOTHOM MaTepuu B
abcomoTHOM Sp-cpene mpocTtpancTBa BceeneHHoil. B kocMuueckoM MPOCTpaHCTBE HE
oOHapy>keHbl HUKaKHhe TPOAOJbHbIE BOJHBL. [IpojonbHbIE BOJTHBI B JIF0OOH MaccoBOM
Cpelle paclpoCTPaHSAIOTCS B BHUAE BOJH OOBEMHBIX CXKaTUH-paspexkeHuil. Ecnu B
KOCMHUYECKOM TIPOCTPAaHCTBE (SP-cpeie) HET MpOJOJbHBIX BOJH, TO aOCOJOTHAs
MaTepusl He C)KUMaeMa, COOTBETCTBEHHO, He pa3pekuma. CrieoBaTelIbHO, B AOCOIIOTHON
Sp-cpene HET TMOCTYMATEIbHOTO MPSMOJMHEHHOrO JABM)KCHHSI TPOJOIBHBIX BOJH.
Pacnipoctpansatorcss B HEHM IOCTYNaTENbHO W MPAMOJIMHEHHO TOJBKO TMONEPEUYHBIE
ANIEKTPOMArHUTHBIC BOJHBI, OT TaMMa-lydei, J0 paauoBOJH. Maible, OECKOHEYHO
Majble CABUTH B JIIOOOH cpejie MOTYT HE COMPOBOXKIATHCA OOBEMHBIMU M3MEHEHUSIMH,
MIyCTh, MaJbIMH, J1ak€ OECKOHEUYHO MajbiMu. [l03TOMy monepedHble 3IeKTPOMarHuTHbHIE
BOJIHBI B KOCMHUYECKOM IIPOCTPAHCTBE SIBJISIOTCS YIPYTUMHU CABUTOBBIMU BOJIHAMH B Sp-
cpene. Ho Sp-cpema abcomtoTHa, T.e. HEMOABMIKHA, W TPEACTABISICT HEPA3PHIBHYIO
(HeTpepbIBHYI0, CIUIOUIHYIO) Cpedy U3 OECKOHEYHO MajblX 3JIEMEHTOB 0e3MaccOBOTO
¢u3mdeckoro o0bEMa. JIBmkeHHWe aOCOMIOTHOW MaTepuu B aOCOJIIOTHOH cpeje,

OYEBHIHO, JOJDKHO OBITH a0COJIIOTHBIM.
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Wrak, abcontoTHOE ABMKEHHE a0CONIOTHOM MaTepuu B aOCOJIOTHOM Cpelie MOKET ObITh
TOJIKO OECKOHEYHO MajblM WM CIBHTOBBIM, YTOOBI HE COMPOBOXKIAIOCH OOBEMHBIMHU
M3MCHEHUSAMHU a0COIFOTHOW cpefibl. B cuimy Hamu4ust y aOCOJIOTHON Cpebl YIPYTOCTH,
OCCKOHEUHO MaJlbleé CABUTH OECKOHEYHO MAJIbIX JJIEMEHTOB 00BhEMa  aOCOIIOTHOU
MaTepuH JIODKHBI TepeMeraThcs (paclpocTpaHAThCsS, aOCONIOTHO JIBHUTAThCSA) C
a0COJIFOTHOM CKOPOCTHIO. AOCOJIIOTHAsI CKOPOCTh, OYEBUJIHO, JOJDKHA OBITh HE MEHBIIE

CKOPOCTH CBeTa B BakyyMe. [1ycTbh, paBHa CKOPOCTH CBETA B BAKYyME.

Takum o6pa3zoMm, abcoyiroTHasE SpP-cpela HEMOJBHXXKHA, JIOMYCKAaeT TOJIBKO Malble,
OECKOHEUYHO MaJIble cABUTOBbIE  AedopManuu. 3HAKOTIEPEMEHHBIE CIBUTOBBIC
nedopManuu i COXPaHCHHS] HEMOJBUKHOCTU aOCOJIFOTHOTO MPOCTPAHCTBA JOJKHBI
MOKWHYTh MECTO BO3HUKHOBCHMs (TOSIBJICHUS) U YAAIATBCA C JIIOOOr0 Mecra HuxX
MOSIBJICHUS C a0COJIFOTHOM CKOpOCThI0. KakoBa BennunHa 3TON aOCOIIOTHONW CKOPOCTH?
OuyeBusIHO, OHA JOJKHA OBITh MaKCUMaJbHONW M TIOCTOSIHHONM B HEBO3MYIIEHHOMN
abcommoTHOM Sp-cpene. [loka HeT MOATBEPKAEHHBIX HAHHBIX O CKOPOCTH, OOJBIIEH
CKOPOCTH CBeTa B BakyyMme. [1oaToMy MOKHO CUMTaTh, 4YTO aOCOIIOTHASI CKOPOCTh PaBHA

CKOpPOCTHU CBCTA B BAKYYMC.

Bc€  mpoctpancTtBo  BceenmeHHoW — mpeacTaBiseT  aOCONIOTHYIO — (HEpa3pbIBHYIO,
HETMPEPBIBHYIO) SpP-cpeny w3 abcomoTHOM Oe3maccoBoit CrdiiceeBoil  aOCOIOTHOM
cyOcranmuu. B 3Toil aOCONIOTHON cpene OCYIIEeCTBISICTCS aOCOJIOTHOE IBHMIKEHHE C
a0COIOTHOM CKOPOCTHIO (CKOPOCTBHIO CBETa B BakyyMme). MIMeHHO 3TO aOCOIOTHOE
JIBUKEHUE, OOYCIOBJICHHOE TPUHIIMIIOM  OBITHS-HEOBITUS, TPOSBISET  OBITHE

a0COIOTHOM MaTEepUU.

HpuHoun neHTpusMa pusnyeckux noJiei Bo Beesennoit
K sroMy npuHOMNY MNOABOAUT TO, YTO, XOTSA CIABUIM OECKOHEUHO MaJbIX 3JIEMEHTOB

00bEMa B a0COIIOTHOM cpenie, KOHEYHO, Majible, 0ECKOHEUYHO MaJible, HO M TaKWE€ CIBUTH
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MOTYT B NpPHUHIMIE HapylmaTh HENPEPBIBHOCTh (CILIOMIHOCTh, HEPA3phIBHOCTH) Sp-
cpenbl. Hapymenwe ke  Hepa3pblBHOCTHM  PABHOCHJIBHO  BO3HMKHOBEHUIO U
CYLIECTBOBAHUIO MYCTOTHI, HEMATEPUU, YErO OBbITh HE MOXKET U HE JOJIKHO OBITh IO
OpUHIUNY OBbITHSA-HEObITUSA. [l03TOMY CABUTM JOJKHBI OBITH 3aMKHYTBI, YTOOBI Ha
CBOOOJHBIX KOHIAX JMHUN WJIA TPaHUL MOBEPXHOCTEH CIBUTOB HE MOSBISIIUCH
pa3peiBbl. CABUTM MOTYT OBITh KaK CTAal[MOHApPHBIE, TaK W 3HAKONEpPEMEHHbIE, HO B
TO0OM cllydyae TpPACKTOPUM HUX 3aMKHYThl. MOpOHT pacnpocTpaHEeHHs 3aMKHYTBIX
CABUTOBBIX Nedopmanuil NeprneHIuKyIsspeH HAIpaBJICHUIO €r0 paclpOCTPaHEHUs. DTO
O3HAYaeT, YTO MOJS CABUTOBBIX HANpsHKEHHOCTEW B a0CONIOTHOM Sp-cpelie TOJIKHBI

OBITH HCHTPAJIbHBIMHU.

IlpuHumun coxpaHeHusi Sp-jeMeHTa CHCTeMBbI €CTECTBEHHBIX JJIEMEHTOB
Bceaennoi.
dakTUUECKH 3TO — MPUHIIMI COXpaHeHHs cyOcTaHIuu U Mmarepuu. Ho, eciu 10 cux mop
1oJ, 3aKOHOM COXpaHEHHs MaTEepUu MM BBUAY JUCKPETHYIO MATEPHUIO, TO JAHHBINU

IPUHIIAI BKJITIOYAET: M HEMPEPHIBHYIO CYOCTaHIINIO, U TUCKPETHYIO MAaTEPHIO.

IpuHIUN coxpaHeHUus1 A0COTIOTHOIO IBUKEHU S

3aKOHBI COXpPAHEHHMsS: MacChbl, UMIYJbCAa, MOMEHTAa HMIIYJbCa, SHEPIUU, MATEPUU —
BaxHeWmue 3akoHbl [Ipupoasl. Ho Takke, Kak 3aKOH BCEMUPHOTO TATOTEHUSI OTBEYAET
Ha Borpockl: 4To(?) u kak(?), a Ha Bompoc mouemy(?) HE OTBEYaeT, TaK M B 3aKOHAX
COXpaHEHHMs HEe W3BECTHO noueMy(?) COXpaHsSIOTCS: Macca, UMIYJIbC, MOMEHT UMITYJIbCa,
sHeprusa, matepus. B Hauwamax Ocnunoruu copmMynvpoBaH TNPUHIUI COXPAHCHHS
a0COMIOTHOTO ABMKEHUS. UTO Takoe aOCOIOTHOE ABUKEHUE?

JIBU>KeHHE C HEKOTOpOM MpeAeibHO MakchumainbHON (abcomoTHOi) BO Bceenennoit
CKOPOCTBIO, OYEBUJIHO, OTIIMYAETCA OT BCEX JIPYTUX ABUKEHUIM.

@DOTOHBI CUYHTAOTCS OE3MaCCOBBIMHU dJEMEHTapHBIMU dYacTUlamMu. OHU CYIIECTBYIOT

TOJIBKO B JBHXKXCHMHMH, HpI/I‘-IéM B IBM)XCHHH TOJIBKO CO CKOPOCTBIO CBCTA. I[BI/I)KCHI/IG C
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aOCOJIOTHOM ~ CKOpPOCTBIO  JIOTUYHO  Ha3blBaTh  A0COJIIOTHBIM  JIBUJKEHHEM.
COOTBETCTBEHHO, JABM)KCHHE C MEHBIIUMU CKOPOCTSIMU — OTHOCUTENIbHBIM JIBHXKEHHUEM.
Bce MaccoBble 3eMEHTapHbIE YacTUIbI MOTYT JABUIAaThcs €O ckopocTsiMu oT 0 g0
cyOCBETOBOM (KOCMHUYECKHE JIy4M, pPA30THAHHbIE B YCKOPUTEISAX AJIEKTPOHBI U
MPOTOHBI, ... ). OHU CYILIECTBYIOT B OTHOCUTEIBHOM JBUKEHUH, BHeLIHEM. Eciiu roBopum
00 UX BHELIHEM JABW)XEHHUH, TO, OUYEBUIHO, Y HUX JIOJDKHO ObITh BHYTPEHHEE JBM)KECHHE.
Yro Takoe BHyTpeHHee JABMKEeHHE? V3BEeCTHO, YTO AleMEeHTapHbIE YAaCTULBI 00JIa1atoT
COMHOM — BHYTPEHHUM MOMEHTOM KOJHMYECTBA JBUXKEHUS, T.€. BHYTPEHHUM
BpalllaTeIbHbIM JBIKEHHEM. [Ipu 3TOM, BBIHYXXJEHHO MNpu3HaBas (aKThl HaTUYMS
CIIMHA, YacTO B Yy4yeOHOH JuTepaType OroBapuMBaIOT, YTO ATO HE HYKHO IOHUMATh
OyKBaJIbHO, YTO PEATLHOTO BpalleHUs 3JIeMEHTapHbIX dactull HeT (7). «3To ecThb, HO
sToro HeT». [IpoTBOpeunT 3nemenTapHon noruke. Abcypna! Beixon u3 abcypaa TOJIbKO
OJIMH — IPU3HATh BHYTPEHHEE BpallaTeIbHOE ABMKEHHUE deMEHTapHbIX yacTtuil. Ho 4to
3TO 3a BHyTpeHHee JBM)XEHHE? 32 HEMMEHUEM JOCTOBEPHBIX (PaKTOB, IPUIETCS CTPOUTH
HPEIOI0KEHUS, UTO B HayKe (JaXe B KpUMHMHAJIUCTHUKE) HE BO30paHseTcs.

N3BecTHO poxaeHue (C AMEeKTpoAWHAMUKH J(Mpaka) 3JIeKTpOH-MO3UTPOHHBIX Map IpU
CTOJIKHOBEHMHM [JBYX TramMMa-(OTOHOB, JHEPrusi KaXJAOro U3 KOTOPbIX HE MEHee
HKBUBAJICHTHON MacChl IOKOs 3JeKTpoHa. IIpu cTonkHOBeHUHU ABYX ramMmma-(pOTOHOB OHU
OT a0COJIIOTHOT'O JIBUYKEHUSI IO MPSIMOJIUHENHON TPAEKTOPHH NMEPEXOIAT K aOCOIIOTHOMY
K€ JBI)KEHUIO IO KPYrOoBOM TPaeKTOPUH, OJMH B OJIHY CTOPOHY, APYroil — B JIPYTyIo.
OTH  KOJIBIIEBBIE, TOPOUJAIbHBIC, OOOOMIEHHO JIOKAJM30BaHHBIE OOpa30BaHUS C
aOCOJIIOTHBIM BHYTPEHHUM JIB)KEHUEM, BHEIIHE MOTYT JBUTAThCA C JIIOOOW CKOPOCTHIO,
MEHBIIIEH CKOPOCTH CBETa, T.€. MOTYT IMpeOblBaTb B OTHOCHUTEIBHOM BHEIIHEM
nBWKEeHUH. [lokosmuiicss  JOKaau30BaHHBIK  (GOTOH  oOperaeT Maccy  IOKOS,
HKBUBAJICHTHYIO 3HEPTUU HUCXOJHOTO (PoTOHA. MOXKHO CUMTATh JIOKANIM3aluio (HOTOHA
aKKyMYJIMpOBaHHEM 3Hepruu B Macce. Jlokamm3amuss (QoToHa HE COBCEM IIOHATHA.
[TosTomy paccmoTpuMm nokanuzanuio ¢poHoHa. [Ipennonoxum (peanoaoKeHus: gaxe B

KPUMUHAIMCTHUKE y3aKOHEHBI) OOJIBIION 00BbEM BOJIBI B HEBECOMOCTH MPU TeMIIEpaType,
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nycTb, 5 rpaaycoB Llenscus. Bo30yaum B 00bEMe BOABI UMIYJIbChI BBICOKOYACTOTHOIO
yIIBTPa3ByKa — I[yTOB BOJIH C BBICOKOYACTOTHBIM HAMOIHEHHEM, T.€. (POHOHBI. OYEeBUIHO,
(OHOHBI OYAyT IBUraThCs C MPEAECIbHO BO3MOKHOM JIMHEHMHONW CKOPOCTBIO (CKOPOCTHIO
3ByKa B BOJE, ~ 1,4 km/cex). @OHOHBI OyAyT ABUTAThCS MPSIMOJIMHEMHO B OJHOPOJHOU
BoAHOW cpene. lloctaBuM mNepHEeHIUKYISAPHO TPAaeKTOpUM (OHOHA aOCONIOTHBIN
oTpakaTeiib, KOTOpPBIA oOTpakaeT 0€3 MOoTeph SHEPrud M aOCOIIOTHOTO 3HAYCHUS
umnyibca (¢oHoHa. OueBUAHO, (OHOH TMOHAET MO TOMY K€ IYTH, TOJBKO B
IPOTUBOIOJIOKHOM HANpaBICHUH. YCTAHOBUM BTOPOM aOCOJIIOTHBIA OTpaXkaTellb
NEPIEHIUKYISIPHO TPACKTOPUM OTPaXXEHHOTO (oHOHA. [I0CKONIBKY MOTEph SHEPTUU HET,
(OHOH OyneT BEYHO JBHUIaThCA CO CKOPOCTHIO 3BYKa, a 3HAUYMUT CYIIECTBOBATH MEXIY
JIBYMsI TapaJlieIbHBIMU a0COTIOTHBIMHU OTpaxkaTessiMu. OH JTIOKaIM30BaH MEXIY JBYMS
napajijieIbHBIMU a0COIOTHBIMU OTPAXKATEISIMHU.

VYcioxHUM OTpaXkaTesn 10 cepbl U3 aOCOIITHO OTpaXaroliero Marepuaina. OueBUHO,
IpY TakoW JIoKanu3anuu (oHOH OyAeT BEYHO CYILECTBOBATh U JIBUTaThCs C MPEIENIbHOM
CKOpOCTBbIO 3ByKa B BOJZE BHYTpU cdepbl. MOXHO cKa3aTh, (POHOH IOJHOCTBHIO
nokanuzoBaH. [Ipu 3ToM ocTaércs (OHOHOM, TOJNIBKO B KyCOYHO-KPYTOBOH TPaeKTOPHH
JBWDKEHUS. DTO NMPUHYIUTENbHAs JoKaau3auus GoHoHA. MOXeT 1 ObITh €CTECTBEHHAs

nokanu3amus poHoHa?

[IpencraBum, 9T0 (HOHOH «IOO B J100» CTATKMBAETCSA HE C MOBEPXHOCTHIO aOCOFOTHOTO
oTpaXkaTels, a ¢ TAKUM e BCTpeuHbIM (poHOHOM. He mckirouaercs BO3MOXKHOCTH TOTO,
YTO MPU OMNPEAENEHHBIX YCIOBUAX (OONBIIMX TpaJueHTax IUIOTHOCTU Cpeabl) o0a
¢boHOHA 3aKpy4yuBalTCs, OIWH B OJHY CTOPOHY, a Jpyrodi — B JpYyTylo,
MIPOTUBOIIOJIOKHYIO CTOpOHY. OJIHMH 3aKpy4eHHBIM (JOKAIM30BaHHBIN) (HOHOH Oymem
HAa3bIBaTh OTPULIATEIBHOW YACTHUIIEW, a JAPYroM, 3aKpPYUYECHHBIM B NPOTHBOMNOJIOKHYIO
CTOPOHY (DOHOH — TIOJOXKHUTEIbHOW dacTuiel. [l ompeaenéHHOCTH pacCMOTPUM
OTpHULIATENIbHYIO0 4YacTHUIly. B >KHUIKOW BOJIe pacmpoCTPaHSIOTCA TOJIBKO MPOJOJIbHBIC

BOJIHBI CXKaTuil W paspexeHuid. Ecim QpoHOH 3akpyTwics, TO 3BYKOBasi CKOPOCTH €ro
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JBIDKEHUSI COXpaHsieTCs. JTO B KUAKOM Boje. Temeph Bech 00yblIOi 00BEM BOABLI B
HEBECOMOCTH C JIOKQJIMW30BAHHBIMH JBYMs (DOHOHAMH TPOTHBOIIOJOKHOTO 3HAaKa
3aMOpO3UM IIpU TeMIeparype, ckaxkem, -45 rpanycoB Llenbcus, T.e. CHU3WIH
Temneparypy Ha 50 rpaaycoB W BBIAEp)KaJIU 0 MOJHOTO OJIEAEHEHHUs BCero oObEMa
BOJBI U AocTMReHUsT — 45 rpagycoB Llenbcust Bo Bcém o0béMe. B TBepaoii Bosie MOTYT
pacIpoOCTPaHATBECS U MPOJMOJBHBIC BOJIHBI CXXAaTUM W Pa3peKEHUW, U IIONEpEYHbIe
cABUTOBbIE BOJIHBL. OTBIEUEMCSA OT MPOAOIBHBIX BOJIH MOJHOCTBIO U MYCThb OyAyT
TOJIbKO IOIIEPEYHBIE CIABUIOBBIC BOJIHBI, T.€. OT YACTO IPOJOJIBbHBIX BOJIH B )KUIKOU BOJE
NepenIéM K YUCTO IONEPEYHBIM BOJHAM B TBEpAON Boxe. lIpu Takou 3ameHe, BBUIY
OTCYTCTBHMS ITOCTYIIATEIILHOIO JABMYKEHUS MOJIEKYJ B TBEPJIOU BOJE, OHATHE O MOTOKAX
MOJIEKYJI BOJBI 3aMEHSETCS MOHATHUEM: «IOTOKA CHJIOBBIX HANPsKEHHOCTEW» W3BHE
BOBHYTpb (QoHoHa. Ecnm BOMM3M OKakeTcss JApyrod 3akpydyeHHBIM (QOHOH, TO,
HE3aBUCUMO OT HalPaBJICHUs 3aKpPYYMBAHUs I[IEPBOHAYAIBHO IPAMOJHUHEHHOU
TPaeKTOPUHU B KPYroBYyIO, 3THU JBa (POHOHA OyAyT HPUTATUBATBCS IpPYr K Ipyry, U
CONMMKaTbCs TOJ JEUCTBUEM MPUTATUBAIOIIMX IIOTOKOB CHJIOBBIX HAaNpsKEHHOCTEH

KaXX10ro n3 Hux.

Tenepb Bce 3TH paccyxaeHHs (MBICICHHBIC OIBITHI) TMEepeBeleM Ha OOJNbBIIYIO TIBIOY
caMoro TBEPAOro marepuaia — aiMmasa. CKOpOCTh MOMEPEUHbIX CABUTOBBIX BOJIH (3BYKa)
B HeM cocTaBisitoT nopsanka 10 km/cex. B ciydae anmasa yTBEpKIE€HHE O TOM, YTO

3aKpy4YeHHbIC (JIOKAIM30BaHHBIC) (POHOHBI B HEM OYAYT CONMMKATHCS, COXPAHIETCS.

Haxkoner, cnenaeM KpyToil CKauoK OT ajiMasza K BceneHCKoMy MpoCTpaHCTBY. 3/1eCh yKe
HE TBEp/as MaccoBas Cpella W3 MOJEKYJ BOJbI WJIM aTOMOB YIJIeponaa, a Sp-cpeaa w3
6e3maccoBoii Crdiiced, BMECTO OTPHUIATEIBHO JIOKAJIM30BaHHOTO (HOHOHA OyaeT
OTPUIIATEIHHO 3aPSHKCHHBIA JIOKATM30BAaHHBIM TamMMa-(QOTOH — DJJIEKTPOH, a BMECTO
MOJIOKUTEIIBHOTO ~ JIOKATM30BAaHHOTO (OHOHA Oy/IeT TOJIOKHUTEIBHO —3apsKECHHBIH

JIOKaJIM30BaHHbIN raMMa-QOTOH — MO3UTPOH. B npupoae nelcTBUTENBHO UIAYT HPOLIECCHI
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o0pa3oBaHus 3JEKTPOH-TIOZUTPOHHBIX Map NpPH CTOJIKHOBEHUHM ABYX ramma-(hoTOHOB,
DHEPIUs KaKIOr0 M3 KOTOPBIX HE MEHEE JKBUBAJICHTHOW MAacChl JIEKTpoHa. Macchl
DJIEKTPOHA W IO3UTPOHA, KaK WM3BECTHO, paBHBL. CHIIOBOE MOJIE NPUTSIKEHUS MEXKIY
AJEKTPOHOM M MO3UTPOHOM CYHIECTBYET, HO OHO OYE€Hb MaJlo, Ha 42 MopsiaKka MEHbIIE
ANEKTPOCTATUYECKOTO IIPUTSKEHUS, 00yCIIOBJIEHHOTO ANEKTPOCTATUYECKUM
MPUTSDKEHUEM Pa3HOMMEHHBIX 3JIEKTPUYECKUX 3apsiioB, OYEBUAHO, OOYCIOBICHHBIM
IPOTUBOMOJIOKHBIM 3aKpyYHBaHUEM raMMa-(h)OTOHOB MPH UX JIOKAJIU3ALUK B pe3ysbTaTe
ctonkHoBeHus. Ilputspkenue, kotopoe Ha 42 mopsiaka ciadee 3JIEKTPOCTATUYECKOIO
NPUTSKEHUSI, OYEBUIHO, SIBJISETCS TPABUTAIMOHHBIM TMPUTSKEHUEM, O0O0YCIOBICHHBIM
NOSIBJIECHHEM MAcChl B IMPOLECCE JOKAIU3alUuu, W JEUCTBYIOUIEM TaKK€ U MEKIY
ANEKTPOHAMHU, U MEX]y MO3UTpOHaMH. TakuM 00pa3oM, MpUYMHA TPABUTAIMOHHOIO
OPUTSKEHUS SJIEKTPOHOB — B TIOTOKE HANPSHKEHHOCTEN ynpyrux cui Crdiicen BOBHYTPb
aneKTpoHOB. To ke camoe W i MO3UTPOHOB, W IS MO3UTPOHA M DIIEKTPOHA,
HE3aBUCUMO OT UX 3JIEKTPUUECKUX 3apsiioB. J[BrkeHHE ¢ abCOJIIOTHOM CKOPOCTBIO €CTh
abconoTHOE ABM)KEHHE. BBy TOro, 4TO JIOKaIM30BaHHBIN (OTOH OCTAETCA (POTOHOM,
TO aOCONIOTHOE JIBUKEHHE COXPAHSETCd B MAacCOBBIX JJIEMEHTAPHBIX YacTHUIlaX, B
aTOMax, COCTOSLIUX U3 MAacCOBBIX 3JEMEHTapHBIX YaCTHUL, B MOJEKYJIAX, COCTOAIIUX W3
aTOMOB, B TeJlaX, COCTOSIIIMX U3 aTOMOB U MOJIEKYJ, B HEOECHBIX TeJIaX, COCTOALIUX U3

TECII.

Takum o00pazoMm, aOCONIOTHOE NBIKEHHE COXpaHseTcs Bo Bcell Bceenmennoil. B atom u

COCTOHUT IIPUHIMUII COXPAHCHUA a0COJIFOTHOTO JABMJKCHUS B Sp-J’IOFHH.

He nexut nu STOT OpHUHIMII B OCHOBE 3aKOHOB coxpaHeHus Ilpuponsi? 3akoHbI
COXPAaHEHHs] MACChl W DHEPrUHM, HECOMHEHHO, HCXOASAT W3 MPHUHUUIIA COXPAHEHHUS
a0COJIOTHOTO JBW)XCHHUS B JIOKAIM30BaHHOM (oToHe. Macca ecThb OSKBUBaJCHTHAs

sHeprus cBoOomHOTO oToHA. Macca, sHepruss — CyTh Marepus. Torga W 3aKoH
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COXpPaHCHUS MATCPHUU MCXOJUT HC TOJBKO M3 IpUHIUIIA COXPAHCHUA CHBP'ICGPI, HO " U3

COXpaHEHUs a0COJIIOTHOTO JABMKEHUS B aOCOJIOTHON Sp-cpenie.

NmiynbCc 1 MOMEHT MMIYJIbCAa BO BHYTPEHHEM JABM)KCHHM JIOKAJM30BAHHBIX (DOTOHOB
coxpansitorcs. CrenoBaTeabHO, W 3TU 3aKOHBI COXPAHEHHs OCHOBAaHbl Ha MPUHLIMIIE
COXpaHEeHHUs] a0CONIOTHOrO ABMXKEHHUS. O3Hadaer JIM 3TO, YTO NPUHLMI COXPaHEHUs
aOCOJIIOTHOTO JBUXKEHUsI B aOCOJIOTHOM Sp-cpene BceeneHHoil sBasieTcss NPUYMHON
NPOSIBICHUN 3aKOHOB COXPAHEHHUS MAcChl, MUMITYJIbCa, MOMEHTa HMITYJIbCa, SHEPTHH,
matepun? [lo nerepMuUHUCTHYECKON MpUYMHHO-caeAcTBeHHOUM joruke — Jla. Ho Oyzner

JIM YTBEPAUTENbHBIM OTBET B (PU3UUECKOM CMBbICIE?

AOcoroTHOE ABUIKCHUC — KaTCTopus, MOHATUC — CYTb (bHBPI‘{eCKOG, U OTPaAXAaCT OHO
(1)I/ISI/I‘{€CKOC JABHKCHHUC. HOG)TOMy, ACTCPMUHUCTHYCCKAA TIPUIHNHHO-CICACTBCHHASA
JIOTUKA B IaHHOM CJIy4dac (1)1/131/1%01(21;1 N, HCCOMHCHHO, SBJISACTCIA (1)H3H‘-I€CKOI>1 HpPI‘-IPIHOﬁ

,ZIGIZCTBPIH 3dKOHOB COXpPaHCHUA.

HpuHumun ri1o0ajabHOCTH A0COJTIOTHOT0 B3aUMOIEHCTBUA
a0COIIOTHBIM IBUZKEHHEM
03HAYaeT BCEBO3MOXHBIE B3aUMOJECHCTBUS HE TOJBKO MEXKIY BCEBO3MOXKHBIMU
AJIEMEHTAPHBIMHU YaCTHUIIAMU, aTOMaMH, MOJIEKyJIaMH, TellaMi, HEOECHBIMU TeJlaMU, HO U
MEXIy HUMHU B SP-Cpenod. ITOT MPHUHIUI CYMMHUPYET (CHHTE3UPYET) Mpeapiayime 6
npuHUUnoB. OIHAKO, UMEET CAMOCTOATENIbHOE 3HAYEHHWE B TOM IUIAHE, YTO 3a0CTPSET
BHUMaHHE Ha OOMEHHOE (3aMEHHOE) B3aUMOJICHCTBHE C a0COMIOTHON CKOPOCTHIO MEXKIY
Sp-cpenoii U TMCKPEeTHBIMU MaTepUaTbHBIMU O0BeKTaMu BceenenHoil. 1o — rimobansHoe
a0COIOTHOE B3aMMOJICHCTBHE a0CONIOTHBIM JBM)KCHHEM. OJEMEHTapHbIE YaCTHIIHI,
HauyuHasi ¢ (OTOHOB U HEUTPUHO, COCTOSIT U3 TOW K€ HEMPEPHIBHOW CyOCTaHIIMM, YTO U
Sp-cpena, ¢ Toit aumib paszHuiei, 9yto Crdiices B JUCKPETHBIX dJIEMEHTAPHBIX YaCTHUIIAX

HaxXOoOAUTCA B COCTOAHHH BHYTPCHHCTO a0COIIOTHOTO JBHKXCHHA. daktuuecku Cmdiices
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HaXOJUTCS B COCTOSIHUU CABUTOBBIX KOJIEOAHUM, CKaXEM, B MOBBIIIEHO aKTUBHOM IS
B3aUMOJCHCTBUN COCTOSIHUMU. VIMEHHO 3Ta MOBBILIEHHAs AKTUBHOCTH IIO3BOJISIET UM
3aMEHSThCS APYTMMH 37eMeHTaMu 00béMa CrdliceeBol cpenbl, HE MPeObIBAIOIIMMU B
MOBBIIIIEHHON aKTUBHOCTHU. MIET MOCTOSHHBIN mporiecc oOMeHa (3aMeleHus1) aKTUBHBIX
aneMeHToB o0bhéMa Cimdiicem Ha Jpyrue HEaKTUBHBIC 3JIeMEHThl o0béma Cmdiicen.
[lockonbKy aKTHUBHOE COCTOSIHME »3JeMeHTOB o0béma Crdiicem coxpaHseTrcs B
aOCOJIOTHOM JIBMDKEHHM JIOKQJU30BAHHBIX (POTOHOB (IMCKPETHBIX 3JEMEHTapPHBIX
yacTull), TO OOMEHbl HAYT H ¢ Sp-cpenod. OIHUM CJIOBOM, B3aUMOJICUCTBUS
rJ1I00aJIbHBIE: U MEXKY IUCKPETHBIMU MaTepUaIbHBIMU OOBEKTAMHU, U MEKY HUMHU U SP-

CpEIION.

NmenHo 510 r1yo0anbHOE B3aUMOJCHCTBHE TIO3BOJISIET MATEPUANIBHBIM O0BEKTaM
cBOOOSHO, ©€3 CONMpOTUBIEHUSI Ccpelpl nepememarbcs B cpere. CKOPOCTH Takux
NepeMeIleHU MEeHbIlle aOCOIIOTHOM CKOPOCTU (CKOPOCTH CBETa). JBH)KEHHE MacCCOBBIX
AJIEMEHTAPHBIX YaCTHUII, BCIE, aTOMOB, MOJIEKYJI, TeJl, HEOECHBIX TEJ MPOUCXOAUT Oe3
KaKoro-mm0o COMPOTUBIIEHUS CO CTOPOHBI SP-cpelbl 3a cuéT oOMeHa (3aMelIeHHs)
BHEITHUX 53JIEMEHTOB 00bEMa CrdiiceM aKTHMBHBIMM BHYTPEHHUMH C aOCONIOTHOM

CKOPOCTBIO. N B nTOM ke IIpHUYMHAa JABHWXKXCHHSA IIO HMHECPIHUHN M TIPOABJIICHHA camom

HMHCPIUH.

W3 nmpunHImna riodanbHOCTH abCOTIOTHOTO B3aUMOACHCTBUS aOCONMIOTHBIM JABUKECHUEM
BBITEKAET OYEHb BAXKHOE CIIEJICTBHE: NMCKPETHBIE MaTepualibHble 00BbEKThl BceneHHoi
HE UMEIOT YETKUX 3aCTHIBIIMX T€OMETPUUYECKHX (OpM, ONMpeneNEéHHBIX WX OYePTaHHMH,
KECTKUX TMOBEPXHOCTEH pas3jiena 00beKTOB U cpenbl. Kak TakoBoi reoMeTpuu 0OBEKTOB
nonpocty Her. Ecnu paccmatpuBaTh B MaciiTabax OECKOHEUHO MallbIX 3JIEMEHTOB
o0néMa Cmiicen, TO (PaKTUYECKH HET YETKUX JHUCKPETHBIX MATEPHATBHBIX OOBEKTOB:

BCE pasMbITO, BCE «CaUBaeTCA B CIulomrHOM rejie» Criicen. YeTKoCcTh rpaHull pasjaena
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MEXAY HUCKPETHBIMU OOBEKTAMU U HENPEPBIBHOM CPEION MOXKET MPOSBIATHCS TOJBKO

«C B3TJIsiaa U3gajany.

[TpuHIUIIBI DCNIIOTUKA TPOUCTEKAIOT OT EnnHcTBeHHOCTH Beenennoi. Yacto roBopAT u
NUIIYT (HE TOJBKO B HAYYHOU (DaHTaCTHKE) O MHOKECTBEHHOCTH MupoB, Beenennbix, 00
«AHTUMUpax» (AHTHUBCEIICHHBIX), O «MapauiedbHBIX Mupax» (mapauieabHbIX
Bcenennrix), ... .

[TosToMy HemocTtatouHO yTBepxkaarh: Bcenennas EnuncTtBeHHa. ClienyeT YCUIIUTH:
Bcenennas EquncrBenna A6comrotao. Minu Beenennas AOcoimrotHo EnqnHcTBEHHA.

N3 nocnenoBarenpHoCcTH: Bceenennas EnuncrBenHna — Bcenennast EnuncTBeHHa
AbGcomotHo — Bceenennass AOcomorHo EpuncTtBeHHa BhITekaeT: EquHcTBeHHA <>
AbGcomotHa. EguHcTBEeHHOCTH = AOCOMIOTHOCTh. MDAKTUYECKW ATH TOHATHUS 3/1€Ch
SIBJISIIOTCST CHHOHMMaMU. AOCOJIFOTHass Martepusi, aOCOJIIOTHOE JBHXKEHHE, aOCOFOTHAs
CKOPOCTb, a0COJIIOTHOE B3aMMOJEHCTBUE UCXONAT U3 EnuHcTBeHHOCTHM Beenennoi, u3

AocomrotHort EquncrBennocty BeeneHHOM.

Ocrnuiaorus — 23TO OTPAKCHUEC, H3JIO0KCHHUC, BO33PCHHUC, YUYCHHUC, HAyKad, TCOPHA

a0CcoIFOTHOCTH BeesieHHo.

«Teopust AGcomoTHOCTHY. ['M...MMM. V¥ mro0oro uurtartens cpasy BCIuibiBaeT Teopus
OtHocuTenbHOCTU.  BBI30BET HENOYMEHHE CJIOBO  «Teopus» 0€3  CIOXKHBIX
MareMatudeckux ¢opmyn. Jla, co BpemEn Jleonapmo na Bunum cioxuics ycTOMUUBBIN
CTEpEeOTHIl: Teopus, uUMerwIias oTHoumeHue K Ilpupone, Bblpaxkaercs (U31araercs)
MareMaTtudeckuMu GopMmyiaaMu. IDTO BEPHO, HO BEPHO MJisi MATEMAaTHYECKUX TEOPHI,
TEOpeTUYeCKO (hu3ukh, KoTopas 1mo (popme CBOEH, MO CyTH — MaTeMaTH4eCKash (PU3MKa.
OnHako, MHOTO TEOpU HE MATEMATHUYECKUX, KacAIOLIUXCs HEermocpeACTBEHHO [Ipupoibl.

Hamnpumep, Ononornyeckue Wi reojaoruyecKue.
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O4eBUAHO, BBI3OBET NPSIMOE COMHEHUE WIH KPUBYIO YCMEHIKY: «AOCONIOTHOCTH», B
MPOTUBOMOIOKHOCTh «OTHOCUTENbHOCTHY. B Teopun OTHOCHTENBHOCTH peyb UIET 00
OTHOCUTEIBHOM (BHEUIHEM) JBWKEHUM dacTul, Teil. Teopus AOCOIIOTHOCTU
KOHLEHTPUPYETCS Ha aOCOJIIOTHOM JABM)KEHUHM B SP-Cpelie M1 BHYTPEHHEM a0COIIOTHOM
JIBWKEHUM DJJEMEHTAPHBIX YACTHI], aTOMOB, MOJEKYJd, Tel. Kpome TOro, BmecTo
nBycioBHOM «Teopun OTHOCUTENBHOCTH» 37ech (urypupyetr TpéxcioBHas «Teopus
AbcomotHocTH  BceeneHHoW», B KOTOPOM paccMaTpUBAlOTCS HUMEHHO a0COJIOTHI
Bcenennoit: aOcomtoTHOCTh caMoil  BceneHHoi, abCOJIIOTHOE  MPOCTPAHCTBO,
abcomoTHass marepusi (cyOcTaHuus), aOCONIOTHOE IBH)KEHHE, abCOJIOTHAsh CKOPOCTb,

a0COIIOTHOE B3aMMO/ICHCTBUE.

He crnenyer ¢erummsupoBarh MaTeMaTu3M TEOPUM, MaTeMaTHYECKHE TEOPHHU.
MaremaTuka onepupyeT He pealbHbIMU 00bEKTaMU, a a0CTPAKTHBIMU MAaTeMATHYCCKUMU
00BEKTaMH, U MOXXET MPHUBOJUTH K aOCTPAKTHBIM pe3yJbTaTaM, MPOTHBOPEYAIIUM
UCTUHHBIM  (U3MYECKUM  peanusiM. T[pyIHOCTH  COBPEMEHHOH  TeOpeTHYeCKOU
(MatemaTHueckoil) (GU3UKH COMPSHKEHbl MMEHHO C YBJICUEHUSMH MaTeMaTH4YeCKUMU
abctpakiuusimMu. AOcTpakuuu 3aioxkeHbl yxke B Hawamax EBkinpa, ¢ omnpeaeneHui.
Touka 0e3 TpEXx peasbHO (PUIMYECKUX H3MEPECHHM, JIMHHS O3 JBYX H3MEpPCHUH,
MOBEPXHOCTh 0e3 omHoro m3Mmepenus. Yucmo 0. Takux ob6bekToB B IIpupome, BO

Bcenennoit Het. OHM — aHAJIOTH MyCTOTHI, KOTOpO# B [Ipupose HET u ObITh HE MOXKET.

OcHOBHBIE BBIBO/bI
1. Kocmuueckoe mpocTpaHCTBO BceneHHOU sBIseTCS HEMPEpPHIBHON aOCOMIOTHOMN
cyOCTaHIIMaIbHOW Ccpemoit, Sp-cpemoit W3 Sp-aueMeHTa, MPEACTABICHHOTO B

CucreMe eCTECTBEHHBIX DJIEMEHTOB BcelleHHOM.
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Bo3mymenuss B Sp-cpeae co3garoT abCONMIOTHOE JBUKEHUE C aOCOJIOTHOM

CKOPOCTBIO (CBETa B BAKyyMe).

AOCOIOTHOE JBUKEHUE B HETPEPHIBHON a0COJIIOTHOM Cpesie CO3AaET TUCKPETHBIE

BOJIHOBBIE (pUTYpHI ((POpMBI) (HOTOHOB U HEUTPUHO U3 SP-3JIEMEHTA.

9HeMeHTapHBIC JaCTUIbl SABJIAKOTCA ABUXKYHIUMUCA IOUCKPCTHBIMU (bOpMaMI/I,

durypamu u3 Sp-aiementa B Sp-cpeie BeeneHckoro npocrpaHcTBa.

®DoTOHBI U HeﬁTpHHO 06na;1a}0T CTATUBAarOIIIMMHU Sp—cpe)ly CHJIOBBIMHU IIOJISIMH,
O6YCJ'IOBJICHHBIMI/I MNPpUTAKCHUCM  MCKIY cOOCTBEHHBIMH ImapaJuiCJIbHbIMHU
MUKPOIIOTOKaAMH. OTH MOJI — CTaTHUYECKHE I'paBUTAIIMOHHBIC ITIOJIA TATOTCHUSA, U

IMPOABIACTCS Ha IPUMCPC UCKPUBJICHUSA JIy4da CBCTA BOJIN3H COJIHIIa.

Jlokanu3zoBaHHble TamMMa-(QOTOHBI  (JIEKTPOHBI-TOPHI, MO3UTPOHBI-TOPHL,...)
o0NaaroT YCWICHHBIMH 32 CU€T aHTUIAPAUICIBHBIX MHKPOTIOTOKOB Ha
JTUAMETPAIbHO TMPOTHBOIMOJOKHBIX CTOPOHAX TOpa CTATHBAIOLUIUMU SP-Cpeny
CTaTUYECKUMU CHUJIOBBIMU TMOJIIMH, KOTOPBIE MPOSABISIIOTCS KAaK TOMOJTHUTEIbHOE
IPaBUTALIMOHHOE TPUTSHKEHHE MEXKAY JOKAIM30BaHHBIMH TaMMa-(OTOHAMU —

AJICKTPOHAMU U MTO3UTPOHAMHM B JTHO00H UX KOMOWHAIINH.

DNEKTPOHBI-TOPHI, TO3UTPOHBI-TOPHI U TOPHI U3 HEUTPUHO 00TAAAIOT BHYTPCHHUM
aOCOIOTHBIM JBIKEHUEM, 00pa3yIoIMM BHYTPEHHUE MMOTOKH, (OPMUPYIOIIHE 32
npeneraMyu TOPOB COOTBETCTBYIOIINE 3alla3AbIBAIONINE MOTOKH B SP-cpenme. ITH
MOTOKU IMHAMUYECKH B3aUMOJEHUCTBYIOT MEXAY COOOH Tak, YTO, B 3aBUCUMOCTH

OT IApaJlICJIbBHOCTH WM AHTHUIIAPAJUICIIBbHOCTH, TOPbI IIPHUTATHUBAIOTCA HIIA
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OTTAJKHUBAIOTCA. DTHU JAUHAMHWYCCKHUC ITOJIS ITPOABIAIOTCA KaK JICKTPUYCCKHUC I10JIA

IMPOTUBOIIOJIOKHBIX 3HAKOB.

CraTH4ecKkum rpaBUTAllMOHHBIM ITOJIAM TATOTCHUA COOTBCTCTBYIOT
IrpaBUTAIIMOHHBIC 3apsabl OAHOI'O 3HAKdA, a4 AWHAMHWYCCKHUM SJICKTPUUCCKUM
IMOJIAM MPUTSKCHHUA W OTTAJIKMBAHHA COOTBCTCTBYIOT OJJICKTPHUUYCCKUC 3apsabl

ABYX IMIPOTUBOIIOJOKHBIX 3HAKOB.

3ap511151 ABJAOTCSA KOHICHTPUPOBAHHBIMU TIPOABICHHUAMU COOTBCTCTBYIOIIUX
HOHeﬁ, a IIOJIA ABJIAIOTCA paCHpe,HeJ'IéHHBIMI/I MMPOABJICHUAMU COOTBCTCTBYHOHINX
3apAa0B. 3ap511151 " TIOJIA ABJIAIOTCS IIPOABICHUAMU OOHUX H TCX KC CYIIIHOCTCﬁ —

JIOKaJIM30BaHHBIX (POTOHOB U HEUTPHUHO B SP-cpene.

10. 3ap;1111>1 N TI0JI1  OUCKPCTHBIX OJJICMCHTAPHBIX YaCTUIl HWMCIKOT BOJIHOBOC

IPOUCXOXKIECHUE, BOITHOBYIO MTPUPOY.

11. BHeniHee OTHOCHUTENIBHOE HWHEPLIMOHHOE [ABUKEHUE 3JIEKTPOHA, MO3UTPOHA U

NpoTOHa OOYCIOBIIEHO HUX BHYTPEHHUM aOCOJIOTHBIM JBUXKEHHUEM, M TOU XKe
IPUPOJIBI, YTO U BOJTHOBOE MPAMOJIMHEIHOE paBHOMEPHOE aOCOIIOTHOE JBIKCHHE

(OTOHOB M HEUTPHUHO.

12. cTMHHO »3JIEMEHTapHBIX (HEJSIMMBIX) YacTHI[ TOJIBKO 4 pa3HOBUIHOCTEM:

(bOTOHBI, HEUTPUHO, DIIEKTPOH, IO3UTPOH.

13. HelitpoH — cocTaBHas 4YacTHIla W3: MPOTOHA-KAHTHHEUTPHUHO»-IJIEKTPOHA, B

KOTOPOM MPOTOH BHYTpPEHHssl (mepBas) 4acThb, a AHTUHEHUTPUHO U HJIEKTPOH

KpaiiHss (BTopasi) 4acTh.
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14. CtabunbHOE COEIMHEHHE HEUTPOHA M MPOTOHA B sAlpe AEHUTEpHUsi 00YCIOBICHO

0000111eCTBIIEHUEM KpalHero (BTOPOro) Cj0osi HEUTpOHA Ha J[Ba MPOTOHA.

15. JIBa cTaOMibHBIX s]pa JOEHUTEpHUsl COENHUHSIOTCS COOCHO B YCTOWYHMBBIM OJOK

Marudeckoro siapa ['enus, B anbda-gacTuiry.

16. Yetblpe mnapajuielibHO COEAMHEHHBIX OJloKa Maruyeckoro siapa [emust

dbopmupyroT Mmarudeckoe sapo Kuciopona.

YACTD V 3akiaiouyuTebHas

IIpeaucinoBue K 3aKJIIOYUTEIbHONH YACTH U MOCJIECT0BHE K KHUIe

[lepeOupasi ecTecTBEHHBIE JJEeMEHTHl BceneHHOW, Mbl MBICICHHO Mpojeialu
nytemectBue B OeckoHeyHocTh mo IIIEDB (Yacte I, pazmen 10). Ilo npumepy
CMBIKaHUsI OECKOHEYHOTO psfa HaTypaibHbIX uncen (Yacts I, pasmen 11) u Mbl B 3TOM
MyTEIECTBUU 1O «OECKOHEUHOMY KOJIBILY» BEPHEMCS K Hayaldy KOJbIA, K XUMUYECKUM
aneMmenTaM (Hacts 1). Ilo xony uznoxkeHUss HEOAHOKPATHO OTMEYaach MPO30PIUBOCTh
. 1. MenneneeBa. Kak n3BectHo, MeHaeneeB MHOTHE TOJIbI TOCBATHI TOUCKY XUMHU3Ma
CBOEro HyJieBoro snemeHnta HetoTonus. 3BeCTHO Takxke, 4yTo i1 HYJIEBOTO 3JIEMEHTA B
[lepuognyeckoii Tabnuile XUMHYECKHX D3JIEMEHTOB IIOCIE €ro KOHYHMHBI MecTa He
Hanwiock. Ero mompocty ynmamwnmu. Bmecte ¢ HUM KaHysl B HEOBITHE UM €T0 XHUMHU3M.
Mon4anuBo WM CTBHIIJIMBO PENIMIM, YTO B 3TOM BOIPOCE I€HUANIbHAs MPO30PIUBOCTD
MenneneeBa cnotkHynack. Tak nu 310? [lombiTaeMcs OTBETHTH HAa STOT BONPOC B
CIEYIOLIEM pa3ielie.

Nmeetcs u BTOpo#l BOIIPOC, HEMOCPEACTBEHHO CBSI3aHHBIN C 3TUM BOMPOCOM — BOMPOC 00
3(UpHOM MHUPOBOM MPOCTPAHCTBE, OO 3BOJOLHUHU (CynbO€) HSTOro MPOCTPAHCTBE.
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Paccmotpennem  Bompoca 00 3BOJONUU (CyIb0€) 3TOrO0 MHUPOBOTO MPOCTPAHCTBA
3aBEPIIUM 3aKIIOUYUTENbHYI0 HacTh V U Bcell pyKoNKCH HE U3aHHOM B €YaTH KHUTU 00

aneMmeHTax Mupa.

XumMu3M MUpoBOro 3¢upa
B cB000/IHOM UHIUBUYAIbBHOM COCTOSIHUH CYIIIECTBYIOT TOJIBKO aTOMbI ['enust u Apyrux
0JlaropoJIHBIX Ta30B. Bo Bcex Apyrux BeIIECTBAX aTOMBI CYIIECTBYIOT B CBSI3aHHBIX
COCTOSIHUSIX B: TOMOSIIEPHBIX JHUMeEpax (IBYXaTOMHBIX MOJIEKYyJax), T€TePOsICPHBIX
auMepax, Tpumepax, TeTpamepax, ..., XHUMHUYECKUX COCJUHEHUAX, CIUIaBax,
BBICOKOMOJICKYJISIPHBIX COEIMHEHUSIX, HAHOUYACTHUIIAX, KUIKOCTAX, aMOPGHBIX TBEPIBIX
Tenax, KpUcCTayiax, HeOecHbIX Tenax. PaccmorpuMm Haumbosiee pacnpocTpaHEHHBIC
roMOsiJIEpHbIEC JIBYXaTOMHbIE MOJeKynbl Bogopona, Azora u Kucnopona. O6pazoBanue
JBYXaTOMHBIX TOMOSIAEPHBIX MOJIEKYJ M3 COOTBETCTBYIOIIMX AaTOMOB MPOTEKAET
MOCPEJICTBOM XMMHUYECKHX peakuuil. B Tabnuiie HuKecaenyonero pucynka B0 BTOpoi
KOJIOHKE IIpUBeIEHbI paauycbl R atomoB Bogopoaa, A3ora u Kucinopona. ATom npuHST

3a mapuk paamyca R.
O0BEM V mapuka-aToma:
v = (4/3) n R® = (4/3) n(d/2)® = (n/6) d?, (71)

rie d — amamerp aroma. JIOTHYHO MPEANOIOKHUTH, YTO O00BEM V TOMOSIEpHOM

JIByXaTOMHOM MOJIEKYJbI OyJIeT paBeH YIBOGHHOMY 00BEMY aToma:

V=2v=(n/3)d? (72)
Torna (4/3) n (D/2)3 = (n/3) o (73)
rae D — nuameTp AByxXaTOMHOM MOJIEKYIbl. 13 BeipakeHus (73) Moaydum:

D=2"3d=1,26d (74)
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B uyerBépTOil KONOHKE NpPHUBENEHBI paccuuTaHHble 10 ¢dopmyne (74) 3HayeHUs
IMaMETpOB  JIByXaTOMHBIX MoJjekyal Dp. B  Tperbeil  KOJOHKE MpPUBEICHBI

OKCIICPUMCHTAJIbHBIC TUAaMCTPbI D» COOTBCTCTBYIOIIHUX ABYXaTOMHBIX MOJICKYIJI.

R, paauyc D, nmameTtp Dy nmameTtp
BemecTBO | Atoma, 10°M | skcepuMeHT-it | pacuéTHBIIH D,/ Dy
monekys, 10° m | monekys, 10° m
Bonopon H 0,053 H, 0,25 |H» 0,133 H, 1,879
A3zoT N 0,056 N> 0,32 |N; 0,141 N> 2,27
Kucnopon O 0,048 02 0,3 02 0,120 | O 2,666

Puc.57. 9KCHepI/IMeHTaHBHBIC )51 paC‘{éTHBIC JaHHBIC, @ TAKXKC COOTHOIICHUA 00BEMHBIX

rokazareyieu ABYXAaTOMHBIX MOJICKYJI HauoOoJee paCHpOCTpaHéHHLIX BCILICCTB.

BunHo, dYTO SKCIEpUMEHTAIbHBIE 3HAYCHUS JHAMETPOB JBYXAaTOMHBIX MOJIEKYJ
MPEBOCXOJAT pacy€THble 3HaueHus. X oTHomieHue it BceX TPEX BEIIECTB
npencTaBieHbl Ha puc. | B mATo# KosioHke. Y Bojgopoaa moutu 1BoHHOE MPEBOCXOACTBO
D> nwang Dp, y Azora 6Gomemie B 2,27 pa3, a y Kucmopoma Gonbmie B 2,666 pas.
«JlornuHoe TpENONOKEHNE» OKa3aloCh, HE COOTBETCTBYET peajbHOCTH. Takoe

BIICUaTICHUE, OYATO MPOUCXOIUT HE XUMHYECKAsT PEAKITHS:

A+A=2A=A=M, (75)
rae A —aroM, M — nByxatromHas MoJIeKyJa, a B3aUMOJEHCTBUE:

A+A+Q=M+Q, (76)
rae Q — H30BITOYHBIN 00BEM,

M + Q — nByxaTomMHas MOJEKYyJa, cojaepikamas u30bITouHbI 00BEM Q. B cTpykType
3ammcu mpeBparnieHus (76) ciaraemoe Q dhopMaibHO GUTYpUPYET KaK MOTHOICHHBIA H
PaBHONPABHBIM pPEAreHT XUMHUUYECKOM peakunu. Ho, MOCKONbKy peajibHas MOJIEKysa

KOHKPETHO COAEPKUT M30BITOYHBIN 00bEM, ypaBHEHHE (/6) HE TPOCTO MAaTEMAaTUUYECKUN
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dopManusM, a OTpakaeT peajdbHOE MpeBpalleHUe JABYX AaTOMOB B MOJIEKYJIy C
oOperennem «peareHta Qx». OTkyna xe Oepércsi ATOT «peareHT»? Ero He Hamo
CHEIUANIbHO OTTYJA-TO JOCTAaBISATh B 30HY pPEAKUUU. ODTO «YACTUUYKa» OOBIYHOIO
TPEXMEPHOTO NPOCTPAHCTBA, a IMPOCTPAHCTBO NPUCYTCTBYET Be3Ae BOKpyr. B
npeBpaiieHuu (/6 ) 2 ydacTBYeT KaK peareHT-3JIEMEHT, TakKXKe KaK peareHThI-aTOMBI
anementa A (Bomopona nu, Azora nu, Kucimopona ), y KOTOPBIX CBOM COOCTBEHHBIE
00béMbI. CrenoBaTeNbHO, TPEXMEPHBIH OOBEM Y4YaCTBYET B XUMHUYECKUX PEAKIIUSIX.
Nnaye u ObIThb He MOxeT. Bce mpoiecchl, B TOM 4YHClIe U XUMHYECKHE PEaKIIMH,
OPOUCXOJAT B TpocTpaHcTBe. Het mpocTpaHcTBa — HET JHOOBIX MPOLIECCOB, B UX YUCIE U
xumMuyeckue peakuuu. Ho 3TO TpEéXMepHOE MPOCTPAHCTBO €CTh NEPBBIA HYJIEBOU
cyOcTaHIMaJIbHBIM ecTeCTBEeHHBIM 3yieMeHT Bcenennoit Sp. CyOcTaHIMaIbHBIA K€
AJIEMEHT — IPOCTpaHCcTBO BeenenHnoi, MupoBoe mpocTpaHCTBO.

MupoBoe MNpoCTpaHCTBO 00JiafjaeT XUMU3MOM. Takum oOpa3zoMm, MeHaeneeBckas

XUMHUYCCKAsA MPO30PJIUBOCTD PACIIPOCTPAHUIIACh U Ha MI/IPOBOC IMPOCTPAHCTBO.

K xoH1y 3BOJIIOLIUHA MHPOBOIO 3pupa

Ddup, (0T APEBHETPEUECKOTO CII0H 0ib)p, BEpXHUI CII0M BO3/IyXa) M3HAYAIBLHO CUMTAJICS

IIYCTBIM IIPOCTPAHCTBOM C MeJIbYalIIuMU HCBUAHWMBIMU IICPBOYACTUI[AMHA «aMCPAMMN».

Hekapt yTBepxaan, uro Bo BceneHHoil HeT mycToT. OH paccMaTpuBall MPOCTPAHCTBO
Kak CBETOHOCHYKO Cpely, B KOTOPOW BO3JEHMCTBUE OJHOIO Tela Ha JApYyroe
OCYILIECTBIIAECTCS MEXaHU3MOM OJM3KOICUCTBHSI. Tena, [IO-BUAUMOMY,

BBaHMOﬂeﬁCTBOBaHH IMOCPCACTBOM «aMCPOB».

HeroToH  mpuaepxuBancsd  NPUHUOWIA  JAJIBHOACUCTBHUS,  T.€.  MIHOBEHHOI'O
B3aMMOJICUCTBHUSL TeX B a0COMIOTHOM TmpocTpaHcTBe. [lo MexaHW3My Takoro
B3aUMOJICMCTBUSL OH «TUIIOTE3 HE U3MBILLIID). «AMEpPBD», MO-BUIAUMOMY, COXPAHUIHUCH,

a CBET MPEJCTABISIICS MOTOKOM KOPITYCKYJI B aOCOJIFOTHOM MPOCTPAHCTBE.
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Jlecaxx N1l BBISIBJICHUS MPUYMHBI MPUTSHDKEHUS HEOECHBIX TeNl «3aceiauia» aOCOIIOTHOE
npocTpaHCTBO HpIOTOHA HEBUJIMMBIMU XAOTUYECKH JIBIKYIIMMHCS MeEIbYalIInMU
yactuiamu. B Teopum Jlecaxka sKpaHMpOBaHME 3THUX YACTULl HEOECHBIMHU TeEJIaMH
NPUBOIMUIO K HUX cOmmxeHuto. O4eBUIHO, aOCOIIOTHOE MPOCTPAHCTBO OBLIO ITYCTHIM

IMPOCTPaHCTBOM, 4 HCBUJIUMBIC MeJIbYanIIne HaCTHUIbI OBLIM aHaJIOTaMU «aMCpOB».

CBetoHocHBIM  3hup MakcBemia  mpeamnonaral  CyleCTBOBAaHHUE  TMOABHIKHBIX
AJEKTPUYECKUX  JUIMOJEH C MNPOTUBOIMOJOKHBIMU  DJIEKTPUUECKUMHU  3apsi/laMu,
OCYHIECTBIISIIOIIUX OJIM3KOAEHCTBHE CO CKOPOCTHIO CBETa. B mycTtom mpocTpaHCTBE 3TH

AUIIOJIA 3aMCHUJIN «aMCPbD».

MenneneeB «XxumMuuecku Bo3poxaan» 3¢up Heriotona-Jlecaxxa. B ponu Menpuaidimmx
qacTull y Hero Obul «HbIOTOHUNY — HYJIEBON «XUMUUYECKUH 3JIeMEHT». MHOTHE To/Ibl OH

IMOCBATHII IIOUCKY XUMHU3MaA «HproTouus».

B Bakyyme XX-ro Beka, koTopsiM 3amMeHmiu 3¢up XIX Beka, HeBHAMMBIE 3(DHUPHBIC
YacTHUIIbl TIEPEBEIM B pa3ps BUPTYaIbHBIX (pEalbHO HE CYIIECTBYIOIIMX) YaCTHII.
Bakyym mpencraBnsiercs «okeaHoM Jlupakay BUPTYalbHBIX YacTHll. PaKTHUUECKH 3TO

aHayor 3Qupa, HO C BUPTYaIbHBIMUA YaCTHI[AMU B ITyCTOM MPOCTPAHCTBE.

B sduponunamuike AIIOKOBCKOTO 3GUp MPEACTABISAETCS BA3KUM Ta30M Pa3IMYHBIX

BUXPEU B UEPAPXUUECKUX YPOBHAX OPraHU3alUU MATEPUH.

MupoBoe MpPOCTPAHCTBO 3BOJIIOLIMOHUPOBAIO B HAayKe (B CO3HAHUM YEIIOBEUECTBA) B
BUJIE IYCTOTO MPOCTPAHCTBA, KOTOPOE COJIEPKATIO Pa3INUHbIE d(PUPHBIE YACTHUIBI — OT

MEJIBYANIINX HEBUAMMBIX 10 BUPTYaJIbHBIX U PA3HBIX BUXPEU HEPAPXUUECKUX YPOBHEM.

Om — oxHOpPOJHOE, HW30TPOIHOE, HEMPEPBHIBHOE KOCMHUYECKOE IPOCTPAHCTBO. ITOT
€CTECTBEHHBIN 3JIeMEHT BceneHHOH ObUT BBISBICH MPH MEPEX0Je K HATYPATIbHOMY PsTy
yucen N =0, 1, 2,3,4, ... o or psgaa n = 1, 2, 3, 4, uCHOJIL30BAHHOTO B JEAYKTUBHOU

CHUCTCMATHU3alIH U TUIIN3all XUMHWYCCKUX 3JICMCHTOB .
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Om — peanbHO cymiecTByloUasi JomaTepuaibHas cyOcTaHuus. Marepusi TUCKpEeTHa, a
cyOcranuusa Om HenpepbiBHA, HEMPEpPhIBHA a0COIIOTHO, T.€. HE UMEET HU BHYTPEHHUX,
HU BHEIIHUX rpaHull (0eckoneunas Bcenennas). [IpoctpanctBo (O0M-cpena) OeckoHEUHO
M Be4YHO. B oTiMuMe OoT MHUPOBOro MNPOCTPAHCTBA M3 IYCTOrO MPOCTPAHCTBA C
pa3nuuHbIMH  d(QUPHBIMH  YacTHLIaMH, B KoHIenuuud (OM-TpOCTpaHCTBA  CaMo
MIPOCTPAHCTBO SIBISETCS CyOCTaHLMAIbHBIM E€CTECTBEHHBIM 3JIeMEHTOM BceneHHoM, He
collepKallluM Kakux-1ubo 3upHbIXx uyactul. B TakoMm ciiydae 310 He 3Qup. IT0
IPOCTPAHCTBO-Cpeia U3 CYOCTAHIIMAIBHOI'O €CTECTBEHHOTO 3jieMeHTa O0m 6e3 apupHbIX
gactuil. OM-MPOCTPAHCTBO — Cpela, B KOTOPOW: BO3HUKAIOT U JABUXKYTCA HEUTPUHO,
(OTOHBI, 3JIEKTPOHBI, MPOTOHBI; 3@XHUralOTCSI W TaCHYT 3BE3ABI; (POPMUPYIOTCS H

pacmagaroTCsa raJlaKTHKH.

OM-mpoCcTpaHCTBO BBIMIOJHSACT (PYHKIIMM MHUPOBOTO MPOCTPAHCTBA W OTO MOJBOJUT K
KOHITY 3BOJIIOIIMI0 MHUPOBOT'O MPOCTPAHCTBAa KaK IMYCTOrO MPOCTPAHCTBA C d(PUPHBIMU
gactuiiamMu. MupoBoe OM-TIpOCTpaHCTBO CYIIECTBOBAJO, CYIIECTBYET U OyAeT

CymeCTBOBAThL, HEC3aBUCUMO HH OT KOI'O, HA OT 4YCrO.
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